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ADVERTISEMENT 



TO THE FIRST EDITION. 



It is obvious that most writers on Civil Architecture have not entered into those mathematical 
principles on which this noble art ultimately rests, and from which it derives its very existence. 
They may rather be said to consider it merely as an art than as a science also, and are more cal- 
culated to instruct the student in drawing architectural plans than to point out and elucidate 
those unalterable rules and first principles which, however unperceived, (as Mr. Nicholson justly 
observes,) must enter into the very essence of every plan that is correct and practicable. 

The student, in the outset, should commence his inquiry by going back to the most simple 
elements of mathematical knowledge, there to obtain the real clew to his future studies, and from 
thence, gradually and scientifically, to proceed to more complex problems and more diversified 
plans. On this principle is foimded the superior skill of the Grecian and Roman artists, which 
has, as yet, been unrivalled. 

We should not content ourselves by merely drawing from their works, and then superadding 
the invention of our own imagination ; but we should continually recur to the ground on which 
they trod, and make that the criterion of all our attempts. It is principally to assist the practical 
mechanic, as well as the student, that this work has been projected ; and, as will appear^ much 
pains have been taken to lay down the fundamental principles of architecture in a clear, distinct, 
and intelligible manner, and to apply the whole to practice by plain and obvious examples and 
illustrations. I have endeavored to arrange the contents so as to be useful to the student, as well 
as to all classes of operative bmlders. 

Those workmen, therefore, who aspire to any degree of superiority and taste in either of these 
branches, will be able from hence, by improving their leisure hours, in a short time to understand 
the principles of their respective occupations, and to execute with taste and pleasure what they do 
now but mechanically. 

In this work is given whatever the experience of the most judicious professors has sanctioned 
as the best mode of affecting their professional purposes, with the reasons on which that preference 
is founded. To this are added examples both of Grecian and Roman antiquities, and remarks on 
the beauties of each. Particular attention is paid to the theory of shadows, both from direct and 
reflected light, and examples adduced of the relative degrees of light and shade on different sur- 
&ces, variously inclined to the luminary and the eye. Also, a select set of problems are drawn 
from Nicholson's writings, entirely new, and all intimately connected with the subject in hand. 



4 ADVEBTISEMENT. 

They are disposed in methodical order, and are preceded by the necessary definitions. It is not 
intended by this part wholly to set aside the study of Euclid and authors who have written on 
Conic Sections. An attentive perusal of their works will always amply repay the student's 
trouble. 

When the vast importance and utility of Greometry are considered, the student will never regret 
any pains he may take to make himself thoroughly master of every part of it Particular atten- 
tion has been paid to ellipses and curves ^- the problems relating to which will be found par- 
ticularly useful in describing elliptical and Grothic arches, finding their joints, and describing 
mouldings of every degree of curvature, under various circumstances, with Conic Sections ; also, 
the Sections of SoHds, a thorough acquaintance with them being absolutely necessary for under- 
standhig the theory and disposition of shadows, the explanation of which will be highly gratifying 
to every scientific reader. 

In view of the present taste for architectural knowledge, and the inadequacy of means to 
obtain that science, arising from the costly and voluminous works on the subject, I have been 
chiefl/ induced to compile a work of this kind. Being Ailly convinced of its utility, from very 
arduous research into its constituent principles, from my early apprenticeship to the present 
time, — having had more than twenty years' practice in the art of building, — I have brought 
together the following system in a concise but intelligible manner, which consists principally of 
extracts from Yitruvius, Stuart, Chambers, Nicholson, and other authors of eminence. K I have 
made a judicious arrangement of the several subjects, I have accomplished all I anticipated ; and 
under these considerations, therefore, I submit this work to the pubKc for their approbation and 
patronage. 

EDWARD SHAW. 



ADVERTISEMENT 



TO THE SIXTH EDITION. 



Being encouraged by the rapid and extensive sale of the five former editions of this work, and 
the ni^ent calls made in consequence of its having been out of print for several years, I have been 
induced by the advice of my friends to secure the valuable services of Messrs. Silloway and 
Harding, architects of Boston, gentlemen weU versed in the science they profess, to assist in 
revising the fifth edition, and prepare additional drawings for a sixth, which has resulted in the 
exclusion of several of the old plates, and the substitution of twenty new ones of a character in 
keeping with the improvements of the day, and of great practical use to the carpenter and 
builder, among which are four plates of Grothic details selected from Pugin, one of the best of the 
English authors on this subject. 

The sixth edition, thus improved and enlarged, I now offer for the attention and patronage of 
an enlightened public. 

EDWARD SHAW. 
JjuwAXV 1, 1868. 
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INTRODUCTION. 



The term ArchUectnre is originaUy derived from 
the Greek language, in which it signifies the prin- 
cipal handicraft, or mechanical operation ; an expres- 
sion very applicable to the construction of habita- 
tions for civilized men, without which few of the 
other practical arts could be desirable, or, indeed, of 
any value whatever. In the genial climates of the 
interior of Asia, where human beings first appeared, 
defence from the inclemency of the weather was 
not an object of research. Shelter from the intense 
rays of the sun and from the torrents of rain pecu- 
liar to those climates ; protection from the wild beasts 
of the field ; the necessity of privacy and complete 
separation from their fellow-creatures, — these and 
other motives, which might easily be specified, would, 
nevertheless, render architecture, however rude and 
simple, one of the earliest arts of life. From the 
Hebrew Scriptures, we learn that it had arrived at 
considerable perfection, even under the second gen- 
eration of mankind ; for there we learn that Cain, 
after the murder of his brother, withdrew from the 
habitation of his parents, and built a city in a re- 
mote quarter of the world. 

The progress of architecture from rudeness to 
refinement is thus related by Vitruvius, whose cel- 
ebrated treatise on architecture appeared in Italy in 
the reign of Augustus CoBsar, about the beginning 
of the Christian era. His notions were formed on 
tradition and conjecture ; for the writings of Moses, 
which contain the most ancient account of the origin 
of the human race and of human society, were 
either unknown, or generally disregarded, in his time 
in Europe. 

" In the first times," says Vitruvius, " men lived in 
woods and caves ; but at last, borrowing hints from 
the birds, which built their nests with equal ingenu- 
ity and industry, they began to form huts for them- 
selves. These huts were probably, at first, conical, 
because that figure is of the tnost bbvious construe* 
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tion, composed of trees or branches fixed in a circle 
on the ground, and joined together in a point at the 
top ; the whole covered with reeds, leaves, and clay. 
Finding, however, in the course of time, this conical 
figure inconvenient, on account of the slope of its 
sides, the form of the hut was changed to that of a 
cube, or of a parallelopiped. Marking out the space 
to be occupied by the intended structure, they fixed 
in the OTOund upright trunks of trees to form the 
sides, filling the intervals with branches, closely in- 
terwoven, and covering the whole with clay. The 
sides being thus completed, four long beams were 
placed on the upright posts, which, being well joined 
at the angles, kept the sides firm, and likewise served 
to support the covering or roof of the building, com- 
posed of other beams, on which were laid beds of 
reeds, leaves, and clay. When the art of construct- 
ing habitations was so far advanced, men bethought 
themselves of methods of rendering their dwellings 
not only commodious for present use, but elegalnt 
and durable. They stripped the bark and other in- 
equalities from the trunks and branches employed in 
the walls, raised them above the damp ground by 
placing them on flat stones, and covered each post 
with a flat stone, to throw oft* the rain. The spaces 
between the ends of the joists were closed with clay, 
and the ends of the joists themselves were covered 
with thin boards, cut in the form of what are called 
triglyphs. The position of the roofs was also al- 
tered. Being flat, they were ill calculated for throw- 
ing off* the rain ; they were therefore raised up in 
the middle, so as, with the horizontal beams con- 
necting the uprights of the walls, to form a triangular 
pediment or gable. From these simple elements, 
architecture took its beginning ; for when wood was 
found inconvenient for constructing durable dwell- 
ings, and men set themselves to erect more solid and 
extensive buildings of clay dried in the sun, or stone, 
they still imitated the forms of those psurts which 
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necessity had originally introduced. The upright 
posts, with the flat stones under and above them, 
were converted into columns with their bases and 
capitals ; the beams, rafters, and layers of materials 
composing the roof were gradually improved into 
architraves, friezes, tri glyphs, cornices, and the other 
ornamental parts of modern architecture." So far 
Vitruvius. 

It may be further remarked, that in many coun- 
tries, among the rudest tribes of men, excavations 
and fissures of rocks, hollows of trees, and caves of 
the earth have served as habitations. Travellers in- 
form us of a tree growing in Africa, the hollow of 
which affords a habitation for thirty negro families, 
which is said to be the largest tree in the world. 
They also inform us of a subterraneous city or cave, 
occupied by Moors, in which there are several hun- 
dred inhabitants. Armstrong, in his "Journal of 
Travels in the seat of war between Russia and Tur- 
key," has the following observations : " The Geor- 
gian or Tartar dwellings are seldom to be found 
above ground. The tops are covered with beams of 
wood, branches of trees, and, above all, with a coat 
of earth, which make them level with the ground. 
The natives are frequently disturbed, when sitting 
around the fire, by the leg of some unfortunate cow 
or camel making its appearance down the chimney ; 
and it is not uncommon for the lambs to fall through, 
and spoil whatever may happen to be cooking." 
But among a civilized people, the desire of seeking 
for more agreeable habitations must be soon felt. 
The nature of the climate and the materials which it 
more readily afforded regulated, in a great degree, 
the construction of the first buildings in which men 
sheltered themselves. According to Diodorus Sicu- 
lus, the first buildings of Palestine were of reeds and 
canes interwoven, and so compact as not to admit of 
the rain and wind. Wood appears to be a material 
so proper for building, and so easily wrought, that 
men would, in all ages, employ it for these purposes, 
in places where it could be easily procured. The 
branches of trees, stuck in the ground and rudely 
interwoven, formed a material for constructing them. 
It is probable that this method of setting trees on 
end, and binding them together at the top and bot- 
tom, first gave rise to the idea of base and capital of 
columns. When these branches were daubed with 
clay, and covered over with leaves and turf, they 
presented a model of those cabins, in which, accord- 
mg to Vitruvius, the earliest tribes of men were 
accustomed to dwell. At first, before men became 
acquainted with edge tools of iron, trees were felled 
by means of fire, or by axes made of sharp stones. 
They undermined the trees by little at a time, by 
continuing a fire at their roots ; and by the same 
means they could divide a tree into the requisite 
length. By degrees, however, tools for cutting 
and smoothing wood were invented. The tools for 



smoothing were at first nothing more than sharp 
stones, sufficiently hard and free from brittleness. 
Some of our North American Indians make use of 
the same kind of tools at the present time. " The 
use of bricks or masses of clay formed in moulds 
and dried in the sun, or baked in stoves, as the 
materials of buildings, is of very great antiquity, 
and is a sufficiently obvious invention." According 
to Moses, the tower of Babel was built of bricks : 
" Go to, let us make bricks^ and burn them thor- 
oughly : and they had brick for stone, and slime had 
they for mortar." (Gen. xi. 3.) Pliny informs us, 
that in the most remote ages of the Egyptians they 
made use of bricks for building their houses, and 
tiles for covering them. To employ stones for the 
same purpose was very natural, where they were 
abundant, and found in masses sufficient to be 
removed by manual dexterity. 

Architecture is arranged in different orders and 
styles, according to the nations by whom, or the 
country in which, it was originally employed, such 
as the Grecian, the Roman, the Saxon, the Norman, 
the Saracenic or Arabian, the Gothic, &c. The 
Grecian architecture is divided into the Doric, the 
Ionic, and the Corinthian, so named from the invent- 
ors, or from those parts of Greece, or of the Grecian 
colonies in Asia Minor, where each kind first ap- 
peared. Roman or Italian architecture was divided 
into the Tuscan and the Composite — the first being 
employed, as it is said, by the ancient inhabitants of 
Tuscany, and the last being a later improvement 
adopted by the Romans, compounded of the two 
Grecian orders, the Ionic and the Corinthian. 

When architecture was in its glory in ancient 
Greece, the Ionic was the favorite order, as being 
the most graceful, light, and elegant. Of this order 
were the temple of the Delphic oracle, the temple of 
Apollo, at Miletus, and the temple of Diana, at 
Ephesus. 

" The Ionic, then, -with decent matron £^ace 
Her airy pillar heaved." 

After the Ionic, the Corinthian was introduced, 
in which in attempting greater perfection, they devi- 
ated from the true simplicity of nature. It marked 
age of luxury and magnificence, when pomp and 
splendor had become the predominant passion, but 
had not yet extinguished the taste for the sublime 
and beautiful. Attempts were made to unite all 
these characters ; but a corrupted taste, only, was 
pleased, a chastened judgment was not satisfied. 

" Luxuriant last, 
The rich Corinthian spreads her wanton wreath." 

In the Composite order, this deviation is more 
remarkable. This was invented by the Italians; 
and, although rich and profuse in its ornaments, dis- 
covers an obvious want of correct taste and judg- 
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ment, and shows that the Grecians had exhausted all 
the principles of grandeur and beauty in the original 
orders. And in these they had arrived at the acme 
of perfection, because the CJomposite could not pos- 
sibly have been introduced without combining all the 
rest ; consequently, that simplicity is destroyed, which 
is in conformity with nature, and the great concomi- 
tant of beauty. It is said this order was first used 
by the Romans in their triumphal arches, to show 
their dominion over the people whom they con- 
quered.* 

An order in architecture consists of two principal 
parts — the column and the entablature, or parts 
supported by the column. Of these two principal 
parts, each consists of three subdivisions. Those of 
the column are the base on which it rests, the shaft, 
or taU tapering portion, and the capital, or ornament- 
al part crowning the shaft. Those of the entabla- 
ture are, first, the architrave, then the firieze, and 
above all, the cornice. Each of the smaller parts is 
again subdivided and distributed in various ways, 
according to the orders to which they belong, as ex- 
isting in antique monuments, but more frequently 
according to the taste and fancy of the authors who 
have written on the subject of architecture. 

The principal character of the various kinds of 
architecture depending on the column and its requi- 
site accompaniments, the whole is commonly and 
almost universally divided into five species or orders, 
viz., the Tuscan, the Doric, the Ionic, the Corinthian, 



• An anonymous writer on the history of architecture observes, 
that the art is supposed to have arrived at its glory in the time of 
Augustus Caesar ; but was, as well as other polite art^, neglected 
under Tiberius. Nero, indeed, notwithstanding his vices, retained 
an uncommon passion for architecture ; but luxury and dissoluteness 
had a greater share in it than real magnificence. In the time of 
Trajan, Apollodotus ezceUed in the art, by which he obtained the 
favor of that prince, and erected that famous pillar called *' Tra- 
jan's," which is remaining to this day. But after this time archi- 
tecture began to decline, though it was for some time supported by 
the care and munificence of Alexander Severus ; yet it fell with the 
western empire, and sunk into corruption. All the most beautiful 
monuments of antiquity were destroyed by the ravages of the Visi- 
goths, and from that time architecture became so coarse and artless 
that these professed architects were totally ignorant of just design- 
ing, wherein the whole beauty of architecture consists ; hence a new 
manner of architecture, called Gothic, took its rise. Charlemagne 
industriously labored for the restoration of architecture; and the 
French applied themselves to it with success, under the encourage- 
ment of Hugh Capet. His son Robert prosecuted the same design 
of modem architecture, and, by degrees, ran into as great an excess 
of delicacy as the Goths had before done of massivencss. To those 
we may add the Arabesques and Moresque or Moorish architecture, 
which were much of the same nature with the Gothic, except that 
as the £Drmer were brought from the north by the Goths and Van- 
dals, the latter was brought from the south by the Moors and Sar- 
acens. The architects of the thirteenth, fourteenth, fifteenth, and 
sixteenth centuries, who had some knowledge of sculpture, seemed 
to make perfection consist wholly in the delicacy and multitude of 
ornaments which they lavishly bestowed on their buildings, but fre- 
quently without conduct or taste. In the two last centuries, the 
architects of Italy and France assiduously endeavored to retrieve 
the primitive simplicity and beauty of ancient architecture ; nor did 
they fiail of success, insomuch that now most churches, palaces, &c., 
are built entirely after the antique. 



and the Composite, This distribution and arrange- 
ment would seem to have been founded on the pro- 
gressive proportion, strength, and ornament of the 
orders ; they are, however, well calculated to mislead 
the student and the architect, in tracing the origin 
and gradual advancement of each order. Without 
attempting to search for the commencement of either 
of the above orders, it is sufficient for us to know 
that the Grecians employed only the Doric, the 
Ionic, and the Corinthian ; and that the Tuscan and 
Composite were only used in Italy — - the one more 
rude and the other more ornamented than the Grre- 
cian orders, which occupied a middle rank. To 
attain, therefore, a proper knowledge of the princi- 
ples of architecture, the student ought to confine 
himself to the three Grecian orders, not only because 
in them these principles are most displayed, but 
because of all the monuments of antiquify which 
have subsisted to modern times, few, perhaps none, 
can be pointed out in which the Roman or Italic 
mode of construction is certainly to be traced. 

In architecture, various terms are employed in a 
peculiar sense, of which the following are the chief: 
Column is a Latin word, signifying, in general, a 
pillar or supporter of some superincumbent load; 
but is now confined to a round pillar, smaller above 
than below, and thereby closely imitating the trunk 
of a tree, firom which it was originally drawn. When 
the pillar is not round and tapering, but square, and 
of equal dimensions above and below, it is called 
an ante. The column consists of three principal 
divisions : 1st, the base, from the Latin term basis, 
the foundation on which any thing rests ; 2d, the 
shaft, or circular tapering portion ; and 3d, the cap- 
ital, from the Latin term for the head, or the prin- 
cipal member. 

The base is subdivided into different small parts, 
according to the order to which the column belongs ; 
but all the lowermost part is the plinth, from the 
Grecian term for a brick, because the ancient bricks 
were in general about square, and comparatively 
thin, resembling our paving bricks or tiles. Above 
the plinth lay the torus, a round moulding resembling 
a rope, so called in Greek, and imitating the band 
tied round the bottom of the original tree, as the 
plinth did the flat brick or stone on which it stood, 
to keep it firom the ground. Between these two 
members was sometimes introduced a hollow chan- 
nel, called scotia, firom the Greek word for darkness, 
because little light could enter it. 

The column was generally quite plain and smooth 
in its whole length ; but in buildings where ornament 
was particularly admitted, the shaft was cut into a 
succession of small perpendicular channels, resem- 
bling the inside of a pipe or flute cut lengthwise into 
two parts ; hence the shaft is csHed Jivted, In some 
instances, one third part of the flutings from the bot- 
tom was, as it were, filled up with the half of a 
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round rod lying in the hollow. It is singular, that 
the flutings may have been originally intended as 
an imitation of the natural hollows of the bark 
of a tree, and might therefore be expected in the 
earliest productions of architecture, it is only in 
the more improved works that fluted columns are to 
be found. 

The capital is variously subdivided and orna- 
mented in the different orders — simple in the Doric, 
more ornamented in the Ionic, and highly enriched 
in the Corinthian. In all, however, a narrow mould- 
ing runs through the shaft, near the upper end, called 
the astragal, because it seemed to occupy the posi- 
tion of the upper bone of the neck. Because the 
word astragal also means, in the Greek, the heelj it 
is, in some treatises on architecture, most ridiculously 
called by that name. The uppermost member of 
the capital is the abacus, so called, as being broad 
and thin, like the board or tablet employed by the 
ancients in arithmetical calculations. 

The volute is an ornament introduced in the Ionic 
order, being, as its Latin word implies, a spiral scroll, 
imitating the ends of some flexible substance loosely 
rolled up. 

The capital of the Corinthian order is encircled by 
rows of leaves of different sorts. The parts which 
rest upon, and are supported by, the columns, are 
comprehended under the general name of the entab- 
latwre, because, agreeably to the meaning of the term 
tabula, in Latin, they consist of boards, planks, or 
stope slabs, of different forms and magnitudes. The 
entablature is a compound of three principal parts, 
first the architrave, next the frieze, and, uppermost, 
the cornice. The architrave is so called, by a name 
partly Greek and partly Latin, as being the principal 
beam which, resting on the capitals of the columns, 
supports the remaining parts of the entablature. In 
some cases it is plain, in others it is broken in two or 
three pieces, like so many separate beams lying on 
each other. 

The frieze consists of one piece, but commonly 
enriched with sculpture of different sorts. In the 
Doric order, this ornament consists of two whole 
channels, and two half channels, forming one, if 
joined together, and therefore called by a Greek 
name triglyphs, or three hollows. The square spaces 
between the successive triglyphs are called metopes, 
a term expressing the hollow open spaces between 
the beams, the ends of which are represented by the 
triglyphs. In these metopes are sometimes repre- 
sented the head of some divinity, the skull of some 
animal used in sacrifice, or other emblem of the pur- 
pose to which was destined the building on which 
the ornaments were introduced. 

The cornice, from the French comiche, and the 
Latin corona, is so called because, being the upper- 
most part of the entablature, it crowns the whole 
architectural distribution of the columns ; and it is 



divided and ornamented in different ways, according 
to the order employed. 

1. The first Grecian order in point of antiquity is 
the Doric, so named from the Dores, a small tribe in 
Greece, or, as some say, from Dorus, an Achaian 
chief, who first employed that order in erecting a 
temple to Juno at Argos. In all the most perfect 
specimens of this order now remaining, the column 
springs immediately from the foundation, having no 
base properly so called, but only a small swelling 
round the bottom, resembling what we see at the 
root of a tree, and sufficient to show that we see the 
whole of the shaft. The base, we learn from Vitru- 
vius, first appeared in the Ionic column. The Doric 
column being short in proportion to its diameter, and 
consequently strong, the entablature placed upon it, 
is, of course, more massive than that of the other 
orders, being in height one fourth part of the total 
height of the column. 

2. The Ionic order derives its name from the IbneSy 
a Greek people on the east coast of the Archipelago, 
whose capital was Ephesus, celebrated on many 
accounts, but particularly for the magnificent temple 
of Diana. This admirable structure was in length 
425 feet, and in breadth 220 feet. It was surrounded 
on all sides by a double range of marble columns, 
70 feet in height, and consequently 7 feet 9^ inches 
in diameter at the bottom. 

The Ionic column is taller than the Doric, contain- 
ing 9 diameters, or 18 modules ; and, although sim- 
ple, is nevertheless graceful and majestic. If the 
Doric were meant to represent the manly, robust 
figure of Hercules, the Ionic might properly be the 
emblem of the dignified simplicity and elegance of 
Diana. In this order, as has been already observed, 
the base supporting the column was first introduced. 
An ornament peculiar to the Ionic column is the 
volute or spiral scroll already mentioned, which is 
described by a succession of portions of circles, 
drawn from different central points. The height of 
the whole entablature is | of that of the column, 
being the medium between that of the Doric, which 
is f , and that of the Corinthian, which is j^. The 
height of the base is one module, or half the diam- 
eter of the shaft 

3. The Corinthian order took its rise in the flour- 
ishing days of Corinth, a celebrated city, command- 
ing the communication of the peninsula of Pelopon- 
nesus with the continent of Greece. The beautiful 
foliage of the capital of this order is traced back, 
according to Callimachus, to the following incident : 
A young lady of Corinth dying, her nurse carried 
her playthings in a basket, the day after ber funeral, 
and placed it on the grave. The basket, covered 
with a flat tile, was placed accidentally on the stem 
of the plant acanthus, which, sending out leaves, 
soon enclosed the basket, having their ends turned 
downwards when they reached the tile. This object 
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stnick the feuicy of a celebrated sculptor of those 
days — CalUmachtiSy who immediately introduced a 
figure of it on the top of an elegant column of his 
invention. Thus the capital of the Corinthian col- 
umn al^vays resembles a deep narrow basket covered 
with a tile, and completely surrounded by foliage. 
Such is the account given by Vitruvius; but later 
writers on architecture have imagined they could dis- 
cover this ornamented capital in the description given 
of the temple erected by Solomon, in Jerusalem; 
with this difference, that there the foliage represented 
branches of the palm, and not the leaves of the 
acanthos. It is, however, to be observed, that the 
foliage of the C!)orinthian capital is frequently an 
imitation of the leaves, not of the acanthus, but of 
the olive, and of other plants, according to the taste 
of the architect The Corinthian column is in height 
10 diameters, or 20 modules, of which the base is 1 
module and ihe capital 2^ modules; consequently, 
fbe shaft measures 16f modules. The entablature 
is \ of the column. 

1. The first Italic order is called the Tuscan^ as 
having been employed by that ancient people, once 
very poiverful in Ifady. It is, however, remarkable 
that no vestiges now exist of any building in which 
the Tuscan column was employed to support an 
entablature, or any other weight. Vitruvius, it is 
true, gives instructions for erecting temples accord- 
ing to this order ; but it does not appear that such 
edifices were actually erected. The only examples 
of the use of the Tuscan column that have come 
down to our times are the admirable monuments 
still subsisting in their original perfection, the column 
of Trajan and Antoninus in Rome, and the col- 
umn of Theodosius in Constantinople. The column 
erected to the honor of Trajan, (next to Julius CaBsar 
perhaps the most valuable of the Roman emperors,) 
who flourished a century after Christ, is, in all, 118 
feet high. The shaft of the column is in length 
144^modules, or 7J diameters, each 11 feet 2 inches. 

The pedestal supporting the column is a cube of 
3 modules ; the base is 1 module, and. the capital 
f module. On the capital is another pedestal, on 
which stood a colossal statue of Trajan; but this 
was removed, and one of St. Peter now occupies the 
same place. The other column, commonly said to 
have been erected to Antoninus, is of the same kind, 
but a little smaller. It now supports the statue of 
St, Paul. The magnificent but unhappily situated 
colmnn or monument erected in London to com- 
memorate the dreadful conflagration which, in 1666, 
laid waste the greater part of that city, although 
copied from those in Rome, and of considembly 
larger dimensions, is not properly Tuscan, but a 
fluted Doric 

2. The other Italic order is called the Camposite, 
because it seems to be a combination of the Ionic 
and the Corinthian orders, to which last it bears the 



greatest resemblance, imitating the former only in 
the adoption of the complete volute in the capital, in 
addition to the Corinthian foliage. A specimen of 
the Composite order, richly ornamented, is to be seen 
in the triumphal arch, of which are represented, in 
Scripture, the golden candlestick of seven branches, 
and other precious articles carried away from the last 
temple of Jerusalem. 

Besides columns, properly so called, which are al- 
ways circular, another kind of pillar, called pilasters^ 
are frequently employed, especially where a great 
weight is to be supported. The plan of a pilaster is 
usually a square ; but those, the plan of which is a 
parallelogram, are also introduced. The chief use 
of pilasters is to support arches. Thus the piers of 
a bridge are in fact short pilasters. The arches sep- 
arating the nave from the side aisle of St Paul's 
Church in London, and of St. Peter's in Rome, are 
supported on pilasters. In some buildings, it is true, 
we find ranges of arches supported on columns of 
even the delicate Corinthian order ; but as columns 
are of a tapering form, the upper diameter being less 
than the lower, and as this diminution is increased 
in the eyes of the spectator by the distance of the 
upper part, the columns have a slender and even a 
feeble appearance, and consequently are ill adapted 
for supporting an arch. On the other hand, pilasters 
being of equal dimensions all over their height, and 
very short in proportion to their diameter, possess 
a solidity and strength capable of bearing arches of 
the greatest weight and magnitude. By pilasters we 
also mean an ornament applied to walls, internal and 
external, resembling in parts and form a column, but 
flattened instead of round. Pilasters of this sort 
have their base, shaft, and capital, and are plain or 
fluted, according to the architectiu'al order to which 
they belong. It is a matter still unsettled whether 
such a pilaster ought to diminish in breadth, like a 
column, or to retain the same breadth above and 
below, like a solid pier. Pilasters usually project 
one fourth part of their breadth from the wall to 
which they are applied. Both columns and pilasters 
are frequently raised from the ground, and on pedes- 
tals — a construction not without its propriety in 
certain cases, as in our churches, where the galleries 
rest upon pilasters, and the front of the gallery coin- 
cides with the pedestal of the column which rises to 
the roof. Pedestals are by no means essential to 
columns or pilasters ; but when employed, they must 
be formed and ornamented conformably to the order 
of the columns they support. 

Columns are placed at different distances, accord- 
ing to their destination, and the spaces between them 
are termed intercolumniations. This separation in 
the Greek orders varies from one diameter and a half 
of the lower end of the column to four diameters ; 
but if the Tuscan column were employed, the archi- 
trave being supposed to consist of beams of timber, 
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the intercolnmniation may be much wider than if it 
consisted of blocks of stone. That interval, how- 
ever, between columns, which has received the sanc- 
tion of the best monuments of antiquity, and of the 
most judicious architects, is equal to two diameters 
and a quarter of the column. Hence it is called 
Eustyle, from two Greek terms expressing the proper 
arrangement of columns. The latter term, stylos^ a 
column, enters into the composition of several other 
architectural terms, as pycnostyle, to express columns 
placed close together ; prostyle, a number of columns 
placed as in a portico before the entrance, front of a 
building, of which we have examples in London, 
in the Churches of St. Martin-in-the-Fields, of St. 
Greorge, Hanover Square, of St. George, Blooms- 
bury, in imitation of ancient edifices in Rome, &c. 
When ranges of columns are carried quite round the 
outside of a building, they form a peristyle. 

Arches may, perhaps, be considered less magnificent 
than ranges of columns ; but they are very solid, and 
liable to few accidents. The importance of arches 
in affording a commodious passage over a river 
needs no illustration. It has long been the practice 
to construct bridges of arches, increasing in width, 
and consequently in height, from each end to the 
middle, so that the road formed the segment of a 
large circle. The arches have also been generally 
semicircles. The practice was first laid aside in 
France, where many noble bridges are now to be 
seen, consisting, like the ancient Greek and Roman, 
of arches all of the same span or width, and the 
same height ; so that the road is carried on a level 
all the way along the bridge. In order to keep the 
bridge low, the arches vary greatly from a semicircle, 
being segments of circles of large diameter. Nay, 
in some instances in France the arches are portions 
of ellipses, and not circular, by which measure the 
crown of the arch is kept very low. On this most 
improved plan a bridge is constructed in London 
over the Thames, between Blackfriars' and West- 
minster Bridges, which, for excellence of materials 
and structure, for magnificent simplicity and extent, 
is perhaps without a parallel in Europe. It consists 
indeed of only 9 equal elliptic arches ; but each is of 
120 feet span. The extent of each pier betw^een the 
arches is 20 feet, and the length of the bridge 1280 
feet, very nearly a quarter of a mile, on the same 
level line from one end to the other. To enable the 
reader to form some judgment of the properties of 
this work, (called the Strand Bridge, because it leads 
into that street, on the west side of Somerset Place,) 
the following account of some other remarkable 
bridges is given : Of the adjoining communications 
over the Thames, London Bridge consists of 19 
arches, and is in length 915 feet ; Blackfriars' Bridge 
consists of 9 arches, and is 995 feet long ; and West- 
minster Bridge, consisting of 15 arches, is in length 
1223 feet. The celebrated bridge over the Loire at 



Tours, in France, is horizontal, consisting of 15 ellip- 
tic arches, and in length 1335 feet. The bridge over 
the Moldaw at Prague, the capital of Bohemia, is in 
length 1700 feet. But these are all far surpassed in 
length by the antique bridge over the rap'id^ Rhone, 
at St. Esprit, in the south part of France,' which, 
constructed on a multitude of small arches, extends 
to the length of 3000 feet, possessing this singu- 
larity, that, instead of being straight, it consists of 
two lines of direction, meeting in the river at a very 
obtuse angle, pointed up against the stream, as if the 
better to resist its violence. 

In various edifices, ancient and modem, we find 
columns and arches placed in ranges one above 
another. In such works care must be taken that the 
more massive are made to support the more slender, 
placing first the Doric order, next the Ionic, and, 
above all, the Corinthian or Composite. In this 
arrangement, the upper diameter of the superior col- 
umn is usually made equal to the lower diameter of 
the inferior column, giving the succession of columns 
the air of one tall, tapering tree cut into so many sep- 
arate portions. 

The most remarkable edifices of antiquity which 
have subsisted with tolerable entireness to our. days 
are temples of various sorts. The structure of these 
temples is extremely simple, the building being a 
parallelogram, seldom of great dimensions. Some 
have a portico of columns at the entrance, and the 
external walls plain or adorned with pilasters. Older 
temples, however, are surrounded on all parts by a 
single, and even by a double, range of columns, sup- 
porting the architrave, frieze, and cornice, together 
with the roof; so that the temple itself is in a man- 
ner concealed from the view, and receives no light 
but from the entrance. Such a construction is evi- 
dently very ill adapted to the purposes of a Christian, 
and especially of a Protestant, place of worship. It 
has nevertheless been imitated in many magnifu^ont 
structures, with some alterations and the addition of 
projections in each of the long sides, for the purpose 
of resembling the cross, the emblem of the Christian 
faith. According to the system of divine service 
which for many centuries has prevailed in the Roman 
Catholic worship, the sacred offices may be con- 
ducted, without mutual interference, in sundry parts 
of the church at the same time. In the Protestant 
system, however, whether Lutheran, Calvinistic, or 
Anglican, in which nothing is done as it were in 
secret, and in which every member of the congrega- 
tion is to hear and participate in every part of the 
service, sacred edifices must, to be us(*fnl, be limited 
in magnitude and form. To be satisfied of the truth 
of this observation, it will be quite sufficient to enter 
St. Paul's Church, in Ijondon, at a time when ser- 
vice is performing. A comparatively small portion 
of that grand structure is set apart for the congre- 
gation, while the great body of the building pre- 
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sents the appearance of a vast, useless void, neither 
applied, nor indeed applicable, to any purpose of the 
Rrotestant worship. The same observation belongs 
to the most ancient Gothic cathedrals; but these 
were constructed with a very different view. 

The columns of the portico and pilasters of the 
body of St. Peter's, at Rome, reach at once from the 
ground to the attic ; but in St. Paul's, at London, 
the whole of the edifice is divided into two ranges 
of columns and pilasters — an arrangement which, 
by breaking the whole into a repetition of small 
parts and members, counteracts the effect which 
would be produced by the great dimensions of the 
edifice were it adorned with columns occupying the 
whole height of the building. On the other hand, 
the intervals between the grand columns of the por- 
tico of St- Peter's having been built up into two 
stories of arcades and balconies, to accommodate the 
pope in certain ceremonies, the effect of the portico 
is destroyed ; and, instead of one open range of lofty 
pillars, the eye is offended to see them half sunk, as 
it were, into a wall, the use of which is by no means 
at first sight apparent. From this material defect, 
the front of St. Paul's, although broken into two 
ranges of pillars, is fortunately free. 

Columns grouped, or placed two and two together, 
have always a bad effect; for they suggest to the 
observer the idea that single columns have been at 
first employed, and, being found too weak for their 
load, another set of columns had been placed beside 
them to take off a part of the burden. Grouped or 
double columns are wholly a modern invention, 
nothing of the kind being found in any antique 
work ; and although they were employed by the 
first-rate architects who constructed the celebrated 
colonnade of the palace of the Louvre, in Paris, the 
front portico of St. Paul's, the entrance into Somer- 
set Place, in London, &c., the grouping of columns 
is, nevertheless, a departure from the genuine rule's 
of the art. 

Instead of different ranges of columns, it is usual 
to throw the ground floor of an edifice into the form 
of a basement, on which rise the columns or pilas- 
ters to ornament the front This basement ought 
never to be less in height than half the length of the 
order it supports. Basements are generally rusti- 
cated ; that is, the stones are cut and placed so as to 
resemble the rude blocks as they are supposed to rise 
from the quarry. In the application of this rusti- 
cation, however, the judgment and taste of the archi- 
tect will be displayed. In London, we have exam- 
ples of the judicious employment of rusticated 
walls, and of the very reverse. The huge, ponderous 
masses apparently in all their native rudeness com- 
posing the exterior of Newgate prison, admirably 
indicate and characterize the nature of the edifice. 
The less rude, it is true, but still rusticated, walls of 
Carlton House are, on the contrary, equally incon- 



gruous with the delicate and richly-ornamented por- 
tico, and with the purposes to which that structure is 
appropriated. 

When a building is divided into different floors, or 
stories, it seems proper that each etory should have 
its separate range of columns or pilasters which then 
appear each to support the entablature and the pro- 
jecting timbers of the superincumbent floors. When, 
on the contrary, two, and even three, tiers of windows 
are all included in the height of one range of col- 
umns or pilasters, the want of use, and even of con- 
nection, in columns of such a length, must strike 
every observer. 

When a range of columns, surmounted with their 
proper entablature, supports the end of a roof, a tri- 
angular space is formed, called the pedifnent^ the two 
inclined sides being finished agreeably to the cornice 
below them, the enclosed triangular space or tympa- 
num is often filled with historic or emblematic sculp- 
ture. Pediments on a small scale, triangular or as 
arches of circles, are frequently placed alternately 
over windows in modern buildings ; and instances 
of the same intermixture are not wanting in vestiges 
of ancient structures. The most proper proportion 
of a pediment, whether triangular or circular, is to 
make its perpendicular height from one fifth to one 
fourth part of the base. 

The preceding observations belong to the Grecian 
and Roman systems of architecture ; but another 
system, conducted on very different ideas, and of 
which many specimens of admirable contrivance and 
execution still adorn the principal states of Europe, 
namely, the Gothic^ remains to be noticed. The 
term is often improperly employed to express every 
mode of construction not reducible to the ancient 
Grecian. In this way, works erected by the Saxons 
and the Normans in the northern and middle parts, 
and by the Saracens or Moors from Afiica in the 
southern parts of Europe, are often confounded 
under the general name of Gothic with those to 
which that name properly belongs. This last species 
of building is supposed to have fijrst appeared in 
England after the conquest, in the reign of Henry IL, 
who died in 1189 ; injtroduced, most probably, from 
Normandy and other parts of France, where splen- 
did monuments of Gothic architecture are very com- 
mon. 

On the origin of the Gothic mode of building, in- 
genious men have varied much in opinion, and even 
on the origin of the name. The Goths were in 
early times the inhabitants of Sweden; but in the 
decay of the Roman empire, they with other north- 
ern tribes invaded and even overrun all the southern 
parts of Europe, even to the Straits of Gibraltar. 
Ignorant of every art but that of war, the science 
and skill introduced into those parts by the Romans 
were overwhelmed, and architecture gradually as- 
sumed forms unknown to the Romans ana the 
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Greeks. Hence, btdldings constmcted on principles 
different from those of antiquity came to be dis- 
tingiiished as Gothic, not because the Goths alone 
were their founders, but because the Goths and their 
neighbors the Vandals, having established a regular 
succession of kings in Spain, their name became 
more famous than that of any other northern race. 
The Saxon, Norman, and Gothic styles of architec- 
ture, though nearly related in sundry particulars, 
have still each its peculiar character. 

The Saxon and Norman agree in this, that the 
form of the building is in both the same. The pil- 
lars are round, square, or polygonal, and very short, 
massive, and strong ; but the arches and heads of the 
doors and windows are semicircular. If, in these 
particulars, any difference be fo,und, it consists in the 
superior massiveness and large dimensions of the 
Norman architecture. The Saxon churches, of which 
sundry examples, or parts at least, have remained to 
our times, were often well constructed, and even 
elegant, but generally of moderate size. Those 
erected by the Normans, on the other hand, were 
usually large and magnificent, carried up to a ^eat 
height, with two, and even three, ranges of pillars, 
one above the other, of various dimensions, but con- 
nected by circular arches. In the centre was a lofty 
tower, with two others at the west end, where was 
the principal entrance. In the course of time, how- 
ever, the Normans introduced pillars of a much more 
agreeable form, tall and slender. In England, the 
Saxon and Norman styles are generally found mixed 
in the same building — the latter, introduced in the 
twelfth century, being ingrafted on the former, which 
had been in use for centuries preceding. 

The principal marks by which the true Gothic 
architecture is distinguished are, its projecting but- 
tresses around the exterior of tiie building, its pin- 
nacles and spires, its large branching windows, its 
niches, its canopies and sculptured angels, saints, 
and kings, the fretted roof, the clustered pillar, but, 
above all, the arch, always more or less acutely 
pointed. As plainness and solidity constitute the 
leading features of the Saxon and Norman build- 
ings, so the Gothic architecture is distinguished by 
the lightness of the work, the lofty boldness of its 
elevation, the peculiar slenderness of its pillars, the 
profuse and delicate richness of its ornaments, and, 
we must add, the astonishing excellence of the 
masonry. 

In inquuries into the origin of the proper Gt)thie 
style of building, we meet with no less genius and 
fancy than in similar inquiries concerning the Greek 
orders, and much greater variety of sentiment. Some 
writers imagine the Gothic style was brought into 
England by the crusaders on their return from the 
Holy Land and other parts of the East, and think 
that this style should be caUed Saracenic. Others 
would call it Moresque, as having been introduced 



into Spain by the Moons. On the other hand, the 
pointed arch which characterizes the Gothic is, by 
some, traced to the intersection of two semicircles, 
such as is frequentiy seen in Saxon buildings — the 
one arch being described from the end of the diam- 
eter, and passing through the centre of the other. 
Such an intersection would form an angle of 60°, 
and lines from it to the other extremities of the 
arches would, of course, form an equilateral triangle 
— a form certainly not unfrequent in Gothic build- 
ings. The scheme, however, which has gained the 
most geneml assent is, that the Gothic is derived 
from the ancient practice of religious ceremonies 
being performed in groves of lofty trees. The eye 
being accustomed to contemplate the arches formed 
by the branches of trees that shaded their altars and 
sheltered their assemblies, it was natural, when cov- 
ered buildings succeeded to the groves as places of 
worship, that men should endeavor to introduce some 
similitude between them and those places in which 
they had been accustomed so long to perform theij 
religious ceremonies. Accordingly, we find not only 
the intersecting arches formed by the branches ex- 
actly imitated by the pointed arch, but also the stems 
of the trees as accurately represented by the slender 
and clustering pillars of a Gothic cathedral. Indeed, 
no attentive observer ever viewed a regular avenue 
of well-grown trees intermixing their branches over 
head but it presently put him in mind of the long 
vista through a Gothic church, or ever entered one 
of the larger and more elegant edifices of this kind 
but it presented to his imagination an avenue of 
lofty trees intermingling their branches over his head. 
Under this idea of so extraordinary a species of 
architecture, all the irregular transgressions of art, all 
the monstrous offences against nature, as some men 
speak, disappear ; every thing has its reason, every 
thing is in order, and an harmonious whole arises 
from the studious application of means proper and 
proportioned to the end. For, could the arches be 
otherwise than pointed where the workmen were to 
imitate the curve made by two opposite trees by 
their mutual insertion into one another ? Could the 
columns be otherwise than split into distinct shafts, 
when they were to represent the stems of a clump 
of trees growing close together ? On the same prin- 
ciples they formed the spreading ramifications of the 
stone work in the windows and the stained glass in the 
open interstices, — the one to represent the branches, 
and the other the leaves of an opening grove, — both 
concurring to preserve that gloomy light which, in 
the greater number of men, inspires religious awe 
and veneration. Hence we see the reason of theii 
studied aversion to apparent solidity in these stu- 
pendous masses of building, deemed so absurd by 
men accustomed to the apparent as well as real 
strength of Grecian architecture ; for the surprising 
lightness of the Gothic building, united with real 
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strength, was necessary to complete the execution of 
their oiigincd idea of a sylvan temple. 

The origin of Grothic architecture here pointed out 
has been very happily illustrated and exemplified by 
Sir James Hall, in a dissertation published in the 
Transactions of the Royal Society of Edinburgh, 
and in a subsequent separate publication on the same 
curious subject, well worthy of attention. 

In the architecture of the Greeks and Romans, the 
columns ivere admired for the elegance of their pro- 
portions ; but in the Gothic, the column is seldom, if 
ever, diminished in diameter ; nor do we find any 
fixed proportion between the diameter and the height 
of the column ; nor is the intercolumniation or space 
between any two pillars regulated by the diameter of 
their height Examples of the widest difference in 
the intercolumniations are common. For instance, 
in the nave of the Cathedral of York, and in the 
aisles of the conventual Church of Newark-upon- 
Trent, both edifices deservedly admired, but widely 
ditfering in the proportions of their columns and the 
intervals between them. 

The Gothic column not being diminished above, 
and having no entablature, is the better suited, in 
point of stability, to support the arch springing 
immediately from it, as only a continuation of one 
half of the column. An arch springing firom a 
Greek or Roman column has always, as was before 
observed, an unfavorable effect. The striking im- 
pression of a Gothic structure is produced by taking 
in the whole, in all its relations ; but in the Greek 
architecture, our pleasure often arises firom contem- 
plating the elegance and fine proportions of its 
several parts. 

On viewing a Gothic building, we soon perceive 
how admirably the parts are constructed for the eye 
to embrace the whole. The column is generally an 
assemblage of vertical mouldings, or a bundle of 
rods, enclosing a tall slender post or trunk of a tree 
acting as a conductor to the eye. The capitals pre- 
sent little or no interruption to the sight, which 
glides up along the pointed arch, and embraces the 
whole upper portion of the edifice. One of the ver- 
tical rods forming the column pierces through the 
capital, and ascends to the roof, and firom it spring 
the ribs of the vaulting. 

The exterior of a Gothic edifice has an effect sim- 
ilar to that of the interior. The vertical rods of the 
columns run up to the top of the pediment and the 
temiinating pinnacle, and the pyramidal buttresses 
on the outside produce similar effects on the eye of 
the beholder. 

GENERAL OBSERVATIONS ON THE CONSTRUCTION OF 

HOUSES. 

In building, the situation is the first point to be 
determined. For dwellings, the position ought to be 
sufficiently elevated to be free firom damps and 



noxious vapors, but, at the same time, not exposed 
to the wintry blasts. The neighborhood of fens, 
marshes, and stagnating waters should always be 
avoided ; but water for domestic uses should always 
be easily and plentifully attainable. When a fall 
southern aspect cannot be procured, the next best is 
a western ; for the heat is always greater at equal 
distances from noon in the afternoon than in the 
morning. With respect to the ground to be built 
upon, it should be carefully examined by boring or 
sinking pits. Stone or gravel afibrd the best foun- 
dations; but if these be not of considerable thick- 
ness, dependence ought not, in aU cases, to be placed 
upon such soils. K, however, it becomes necessary 
to found upon sandy, or upon marshy, boggy ground, 
the foundation must be secured by piling, planking, 
laying large ledges, or other contrivances of the same 
nature. 

The situation being determined upon, the architect 
or builder prepares plans of the intended edifice, gen- 
eral and particular, with elevations of the fronts and 
ends, not drawn as they would appear to the eye of 
a spectator, agreeably to the rules of perspective, but 
according to their general dimensions as measured on 
a given scale. To the plans of each separate story 
must be added sections in length and breadth of the 
whole building, to show the elevation of the internal 
parts. As, however, no building can ever appear to 
the eye in the precise form of a geometrical eleva- 
tion upon paper, and as it requires considerable skill 
and practice to be able, from such an elevation, to 
form a judgment of the appearance of the edifice 
when actually erected, it is most satisfactory, and, 
indeed, but just to the proprietor, to furnish him with 
views of the intended structure from different points 
of sight, accompanied by its attendant out-buildings, 
shrubbery, &c., such as they may be expected to be 
when brought to perfection. From the want of such 
general perspective representations, many a propri- 
etor has beheld with disgust or mortification the 
completion of a residence on which vast sums were 
expended, and the architect has very unjustly been 
blamed ; nay, in some cases ruined in his business, in 
consequence of such vexations and disappointments, 
occasioned by his unscientific employer. In cases of 
great public buildings, models of timber are often 
constructed, which, when done upon a properly 
adapted scale, convey a very perfect conception of 
the intended structures. 

The external form, and the internal distribution of 
houses, are necessarily susceptible of such variety, 
that it is impossible to lay down any particular rules 
on these heads. A country seat is, of late years, 
usually arranged with a centre building for the fam- 
ily, and two wings, connected by covered passages 
with the centre, for various other purposes. The 

Eroportion that these wings should bear to the centre 
as never yet been ascertained; yet every passing 
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spectator will exclaim against the architect when the 
disproportion between the wings and the centre 
strikes him as extravagant In some modern build- 
ings of this nature we find the length of its wings 
in firont, each only one third part of that of the cen- 
tre; in others, one half; but nothing has a worse 
effect than disproportion between the body and the 
wings in point of height The connecting passage 
or colonnade always looks best when it forms exactly 
a quarter of a circle. 

The great difficulty in architecture is to combine 
utility with ornament and magnificence. This can, 
indeed, be properly done in structures of a certain 
extent alone ; but even space and expense have not 
always been sufficient to insure these essential ends. 

Excess of ornament is always misplaced in small 
buildings, which have then more the air of models 
of other great works than real places of abode. It 
was observed of Chiswick House, on the banks of 
the Thames, above London, (built in imitation, but 
on a small scale, of a noted structure of Palladio, 
near Vicenza, in the north of Italy,) that it was too 
large to hang to one's watch chain, and too small for 
a man to live in. 

DOORS. 

The size and proportion of doors must be regu- 
lated by the purposes of the building to which they 
belong. The door of a dwelling-house, correspond- 
ing to the human size, is confined to seven or eight 
feet in height, and three or four in breadth. In pri- 
vate houses, four feet may be the greatest breadth. 
In small doors, the breadth or width may be to the 
height as three to seven ; but in large doors, as one 
to two. Doors intended to have but one leaf, or 
close, should never exceed three feet six inches in 
breadth, otherwise the door becomes too heavy for 
convenient use. Doors of a wider aperture, especial- 
ly in the outer wall, are best formed with two fold- 
ing leaves. 

As to the modern fashion of opening a wide com- 
munication between rooms on the same floor, by 
means of broad folding doors, the practice sets all 
rules of proportion completely at defiance. 

The external lintels of doors and windows should 
fdways be on the same level, and the doors should 
never be narrower than the windows. When the 
outward wall is ornamented with half columns and 
arches, forming blank arcades, the doors and win- 
dows should just rise up to the springing of the 
arches. 

The most common way of ornamenting the aper- 
ture of a door is by an architrave on the top, and 
also down the sides. Sometimes a cornice and even 
a complete entablature may be placed above the lin- 
tel. Pilasters and semicolumns have also a good 
effect when applied to outer doors. Porticoes of four or 
more columns are properly adapted to large buildings. 



WINDOWS. 

The number and size of the windows of a build- 
ing must be regulated by the nature and purposes of 
that building. The climate, the aspect, the extent, 
the elevation, even the thickness of the walls must 
be taken into consideration. When the walls are 
thick, which is commonly the case in detached stone 
buildings, the windows may have a considerable 
opening inwardly, which will admit nearly as much 
light as if the whole aperture in the wall were en- 
larged. The proportions of windows depend on 
their situation ; only their width ought to be the 
same in every story — those in each, however, being 
proportioned in height to that of the apartments in 
each story. In the principal floor, the height of the 
windows may be two and one eighth to two and one 
third of the width. In the ground story, where the 
apartments are lower, the apertures of the windows 
seldom exceed a double square ; that is, the height is 
just double the breadth. When the basement is rus- 
ticated, the height is generally much less. In the 
second floor, the height of the windows may be from 
one and a half to one and four fifths, or, rather, three 
fourths of the width. The window in the attics and 
mezzaninos or entresols may be a perfect square, or 
even lower. 

The windows of the principal floor are the most 
enriched. The simplest ornament of such windows 
is an architrave carried round the aperture, with a 
frieze and cornice on the top. The windows of the 
ground floor are sometimes entirely plain ; at other 
times they are surrounded with rustics or a regular 
architrave. Those of the second floor are generally 
closed with an architrave, crowned at times with a 
frieze and cornice ; but these last ornaments would 
be improper in the attics. The breasts of all the 
windows on the same floor ought to be on the same 
level, and raised from two feet six inches to three feet 
above the floor. In warm climates, or in country 
houses in our own climates, seated amid gardens and 
pleasure grounds, the windows of the ground story 
being cut down to the floor, render the apartments 
pleasant and agreeable. In country houses, indeed, 
in France, Italy, and other warm parts of Europe, 
the principal apartments are all on the ground floor ; 
and the other floors diminish in height as they rise 
above it The windows of the ground floor being 
cut down even with the doors, and thus affording a 
ready communication with the garden or lawn, have 
a peculiar propriety. How far the same practice in 
the windows of the first and other floors, in the 
streets of large cities, by which the damps and cold 
of winter must inevitably penetrate into the apart- 
ments, ought to be avoided, is a point to be decided 
by those who prefer comfort and health to absurd- 
ities, however fashionable. 

Not contented with adopting usages suited to 
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the genial temperatcure of the south of Europe, a 
stranger on passing along the new quarters of Lon- 
don might be tempted to imagine himself transported 
to the burning climates of India, when he beholds 
the fronts of the houses, whatever be their exposure, 
adorned, or, rather, loaded and blocked up, with vast 
projecting galleries, intended, but very unnaturally, 
to imitate the light, airy, and refreshing verandas of 
the East. 

In so far as these galleries are on the outside of 
the windows and walls, they are certainly of use to 
intercept the immediate action of the sun's rays. 
On the same account, what we call Venetian blinds 
ought to be placed on the outside, and not on the 
inside, of our windows. On the inside, they keep off 
the glare of the sun's rays, but not the heat, which 
communicates to the air of the room, warming it 
just as much as if no blind intervened. On the out- 
side, the blinds reflect and repel the heat as well as 
the light, and the air within the room preserves a 
desirable coolness of temperature. 

The intervals of walls between windows should 

never be less than the aperture of the windows, nor 

in dwelling-houses greater than twice that aperture, 

otherwise the light will be deficient The usual rule 

for proportioning the quantity of light to a room is, 

to multiply the length of the room by the breadth, 

and the product by the height. The square root of 

the last product gives the number of square feet of 

aperture requisite for properly lighting the room. 

Thus, suppose a room to be in length 32 feet 6 

inches, in breadth 24 feet, and in height 15 feet ; the 

product of these quantities multiplied successively 

into each other will be 1700 ; the square root of 

which, in even numbers, — 108, — will be the number 

of square feet of aperture required to lighten the room. 

This quantity, distributed among three windows, 

gives 36 square feet for each window ; the width of 

each being 4 feet, the height must be twice and 

one fourth, or 9 feet Had it been proper to open 

four windows in the same room, each must have 

contained only 27 square feet ; and if the breadth of 

each were 3 feet 6 inches, the height would be 7 

feet 8^ inches. It is, however, to be observed, that 

both internal and external openings in houses, such 

as windows, doors, &c., ought always to consist of 

the uneven numbers, 1, 3, 5, 7, 9, &c., and never of 

the even numbers, 2, 4, 6, 8, 10, &c. 

This rule cannot always, it is true, be observed in 
the confined spaces allotted to houses in towns ; but 
in other situations, if the number of windows be 
even, the door cannot be opened in the centre of the 
building, and the want of an equal corresponding 
extent and balance on each side must strike the 
most careless spectator. The same rule is to be 
observed in distributing the arches of a bridge or 
an arcade, the intercolumniations of a portico or 
colonnade. 



The proportions of rooms, in length, breadth, and 
height, are more the objects of taste and experience 
than of geometrical regulation. A circle or a square 
is a more perfect figure than an oval or a parallel- 
ogram ; and a globe, a cylinder, or a cube, than a 
parallelopiped. A room, however, in the form of a 
cylinder or a cube, would, in general, be neither useful 
nor agreeable. The parallelopiped is, therefore, the 
form universally adopted for rooms or chambers of 
every sort, in which the greatest dimension is the 
length, the next is the breadth, and the smallest is 
the height. Some architects have made the breadth 
one half more than the height, and the length one 
half more than the breadth. Thus, for example, if 
the height of the room be 16 feet, the breadth will 
be 24 feet, and length 36 feet ; and on the other 
hand, if the length be given, 22 feet 6 inches, the 
breadth will be two thirds of it, or 15 feet, and the 
height two thirds of the breadth, or 10 feet Such a 
rule, however, must evidently be subject to many 
modifications. 

The rooms on the ground or the second floor may 
be of the same length and breadth with those on the 
principal floor ; but if they were of the same height, 
the impropriety would immediately strike and offend 
the eye. No defect in proportion, however, is more 
offiBnsive than that in the height, and none takes 
more off* from the appearance of a room. A low 
apartment, whatever be its other dimensions, never 
can possess either dignity or beauty. 

It is the common remark of every one who, for the 
first time, enters the matchless fabric of St. Peter's, 
in Rome, that it by no means strikes the eye as so 
vast as it is known to be. This effect arises from 
the correct proportions of the whole edifice, in length, 
breadth, and height, and of the various members of 
which it consists. Had it been narrow, our attention 
would have been attracted to its great length. Had 
the ceiling been low, we should have been offended 
by its disproportionate length and breadth. Such, 
on the contrary, is the harmony of the several dimen- 
sions of the building, that no excess or defect in 
either of them leads us to institute a comparison be- 
tween them. It is only by observing the time neces- 
sary merely to walk round and give a cursory glance 
to the interior of St. Peter's that the stranger can be 
convinced of its prodigious extent in all directions. 
Comparisons are seldom pleasing, and not always 
just ; it would, therefore, be on many accounts unfair 
to compare St Paul's of London with St Peter's 
of Rome. It must, however, be acknowledged that 
the first view of the former has an effect very differ- 
ent from that produced by the latter, the chief cause 
of which is, that the nave of St. Paul's is really 
gloomy, and apparently narrow and low for its 
length ; so that the spacious and lofty dome, instead 
of being only accessory, becomes the principal part 
of the edifice. 
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The proportions and dimensions of rooms must be 
regulated by their uses. A dining-room and a bed- 
chamber require very different proportions. A gal- 
lery for exercise in bad weather, especially if to be 
adorned with paintings and statues, must be of a 
length in proportion to its height and breadth, which 
last must be governed by the necessity of possessing 
light from windows on one side only, to exhibit with 
due advantage the paintings and sculpture ranged 
along the opposite side. A passage should be just 
wide enough to give a convenient communication 
between the several parts of the house ; and if it be 
wider, we are offended with the waste of space 
which the architect ought to have turned to some 
other use. 

There is no part of a building in which the taste 
of a builder can be better displayed than in the 
position and distribution of stairs. Even in the 
most spacious buildings, a step may be made too 
broad, so as to require a sort of effort to move up or 
down from one to another. In spacious stairs, the 
steps should vary from 12 to 18 inches in breadth, 
and from 4 to 7 inches in height ; the length, also, 
varies from 6 to 15 feet. Even in small houses, a 
step over 7 or 8 inches high would be inconvenient ; 
and the breadth should never be less than 9 inches, 
nor the length shorter than three feet. 

We have thus given a pretty lengthy account of 
the theory of Architecture ; and would now invite 
the attention of the student to the subjoined remarks 
on the practical branch of the science. 

A competent knowledge of the methods of draw- 
ing on paper, and of working in stone, timber, or 
other materials, the several kinds or orders of col- 
umns, &c., is absolutely indispensable to enable the 
architect to discharge his duty to his employer, and 
the artisan to execute his commission. 

It has been already mentioned, that an order of 
architecture consists of three principal parts, viz., the 
column, its pedestal, and its entablature. Each of 
these parts is again subdivided into three parts, thus : 
the pedestal into its base or lowest member; the 
cubical body, called from its figure the die or trunk ; 
and the cornice above all. The column into the 
base, the shaft, and the capital. The entablature 
into the architrave, the frieze, and the cornice. 

To give a minute, full, and perfect explanation of 
the proportions and manner of constructing these 
several members, with the various ornaments apper- 
taining to each, would require an extent and a num- 
ber of engravings totally incompatible with the de- 
sign of the present work. Nor is this particular 
explanation deemed essential ; for the number of 
publications on this head is already so numerous, 
that it is probable the student will find it more diffi- 
cult to determine which to follow than to find a 
guide. Our observations will, therefore, be general 
and limited. 



The simplest problem in mechanical architectnre 
seems to be, to determine the best form for a column 
The length and the weight (that is, the quantity of 
materials in the column) being given, it is of impor- 
tance to investigate the form which affords the great- 
est possible strength ; but it is somewhat difficult to 
ascertain the precise nature and direction of all the 
forces to be resisted which act upon the column. If 
a column were considered only as a beam fixed in 
the ground, and acted upon by a force pressing trans- 
versely, or on one side, it ought to be much tapered, 
and reduced almost to a point at the upper end. 
But it is seldom that any force of this kind can be 
so powerful as to do more than overcome the weight 
of the column. The only thing, therefore, to be con- 
sidered, is the load which presses on it from above ; 
hence, whether we regard the force as tending to 
bend the column or to crush it, the forms commonly 
employed appear sufficiently eligible. Some math- 
ematicians have erroneously recommended the cyl- 
inder as the strongest form to resist bending ; and in 
this opinion, those who have not considered the sub- 
ject are ready to join them, because a cylinder, 
standing perpendicularly on one end, being of equal 
thickness, seems ^Iso to be of equal strength through- 
out. From the principles of mechanical philosophy, 
however, it can be shown that the strongest form of 
an upright column approaches, in fact, much more 
nearly to that of an oblong spheroid or spindle of 
which the outside is an arch of an ellipsis. But the 
consideration of the flexure of a column is of the 
less practical importance in architecture, that, upon a 
rough estimate of the properties of the materials 
usually employed, a column of stone (in order to be 
capable of being bent by any weight which will not 
crush it) must be at least forty times as high as it is 
thick, although a bar of wood or of iron may be 
bent by a superincumbent load, if its length exceed 
about twelve times its thickness. But as, even in the 
Composite order, — the tallest and most delicate of 
all, — the height of the column is only, at the most, 
ten times the thickness at the base, the action of the 
incumbent weight, in bending the column, ceases to 
be an object of much consideration. It is only, then, 
as a crushing force that the weight requires to be 
estimated ; and since the lower parts of the column 
itself have not only the weight above, but its own 
upper parts, to support, the thickness below ought to 
be somewhat increased. It appears, by experience 
of the direction in which the fracture of a column is 
made when crushed by too great a weight, that the 
outline ought to be made a little convex, or to swell 
a little on the outside of a straight line, joining the 
extremities of the shaft, and more curved above than 
below. This is the usual, but not the universal, 
practice. An elliptic arch is, perhaps, the most eli- 
gible outline, or a curve formed by bending a ruler 
fixed at the summit of the column. It is very 
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natCDTdl, in formmg a coliimn, to copy the working of 
nature in forming the trunk of a tree, which may be 
considered, in a general sense, as a portion of a 
tapering cone, enclosed by straight lines joining the 
top and the bottom. But, independent of other con- 
siderations, it is to be remembered that the great 
load of the boughs, branches, and leaves act upon 
the tmnk of the tree very differently from the load 
usually to be borne by a column. A light-house 
placed upon a rock in the sea may be considered as 
a column erected, not to support a weight, but to 
withstand the action of wind and water. If we cal- 
culated what would be the best form for a wooden 
pillar, intended to remain always immersed to a cer- 
tain depth in water, we should find that a cone or a 
pyramid would possess the greatest possible strength 
for resisting the motion of water ; and a cone still 
more acute than this would be equally capable 
of resisting the force of the wind, supposing it to be 
less powerful than that of the water. The part be- 
low the surface of the water might, therefore, be 
widened, so as to become a part of a more obtuse 
cone, the upper part remaining more slender; and 
the agitation of the sea being greatest at its surface, 
the basis of the pillar might be a little contracted, so 
as to have the outline of the lower part a little con- 
vex outwards, if the depth of water were consider- 
able. But in the case of a building of stone, the 
strength often depends as much on the weight as on 
the cohesion of the materials ; and the lateral adhe- 
sion, which is materially influenced by the weight, 
constitutes a very important part of the strength. 
For resisting a force tending to overset the building, 
the form in which the weight gives the greatest 
strength is that of a conoid ; that is, a solid, of 
which the outline is a parabola, (a section of a cone 
parallel to its sides,) concave towards the axis, and 
convex outwardly ; and for procuring, by means of 
the weight, a lateral adhesion every where propor- 
tional to the force, the form must be cylindrical. 
Hence, in a building such as this pillar is supposed 
to be, no reasons appear why either portion of its 
outline, taken separately, should be made convex 
tow^ards the axis, although the joining of the two 
cones might very properly be rounded off. Of the 
form adopted for a building exposed to the violence 
of both water and wind, we have a remarkable ex- 
ample in the light-house erected on the Eddystone 
Rock, situated in the entrance of Plymouth Haven, 
about fourteen miles out from the land. The top of 
the rock on which the light-house is founded is, it is 
true, constantly above the surface of the water when 
the sea is calm ; but in stormy weather, every part 
of the building is exposed to the action of the waves, 
the water being often thrown up to a height far 
above that of the light-house ; so that it may be con- 
sidered as exposed to the force of a fluid acting 
more and more forcibly as it is nearer to the foun- 



dation. On this account, the architect, the late in- 
genious Mr. Smeaton, chose for the walls a slope 
concave outwards, differing in form but little from 
that which the most accurate theory could have 

Eointed out. The building, however, is probably a 
ttle weaker nearly as high as the middle of its 
height than in any other part. The light-house is 
wholly composed of cut stone, and about 16 feet in 
diameter at the bottom. The height of the building 
is 73 feet 6 inches from the rock to the top of the 
cornice ; thence to the base of the lantern 7 feet 6 
inches ; and thence to the summit of the ball on the 
top 17 feet 6 inches ; making the whole height 98 
feet 6 inches. 

In diminishing their columns, various rules seem 
to have been practised by the ancient architects. 
Sometimes the diminution began at the base, the 
shaft being formed by straight lines tending to a 
junction at a point beyond the summit of the col- 
umn, by which measure the shaft became a frustum, 
or portion of a very acute cone. In other instances, 
we find the colunm carried up perfectly cylindric, or 
of the same diameter, for one fourth, or more com- 
monly for one third of its height, at which points the 
diminution begins, and extends to the capital. This 
junction, however, of the cylinder and the cone, 
although the angle formed by their outlines be al- 
most imperceptible to the eye, appearing an imper- 
fection, it was proposed and practised by eminent 
architects to form the outline of the shaft, by a curve 
running within the cylinder, but without the cone, 
from the base to the capital, in such a way that the 
diameter of the shaft was, in every part, less than 
that at the base, but greater than that at the capital. 
The observations made on this point by Vitruvius, 
the great teacher of architectural mechanics, who 
flourished about the beginning of the Christian era, 
having in late times been misunderstood, it is no 
uncommon thing, in different parts of Europe, (to 
say nothing of our own country,) to meet with col- 
umns, the outlines of which consist of a curve, 
actually swelling outwards, so that at one third of 
their height their diameter considerably exceeds that 
at the base — a practice so offensive to the eye, as 
well as to reason, as to create wonder how it should 
ever be adopted by men who had ever seen, or even 
read, of the monuments remaining of ancient archi- 
tecture. 

The different methods of giving to columns the 
proper diminution and most elegant sweeping out- 
line are particularly described in the body of this 
work. In this place, we must content ourselves with 
giving the following plain instructions, by which 
every practical artisan may form his model and plan 
with accuracy sufl[icient for ordinary occasions : — 

Take the lower and upper diameter of the shaft 
of a column to be drawn. On the centre of the 
lower diameter describe a semicircle, and erect a 
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perpendicular to represent the axis of a column. 
Through the extremity of the upper diameter draw 
a line parallel to the axis of the column, cutting the 
semicircle at the base. Now, divide the arc of the 
semicircle made by the intersection of the last-men- 
tioned line and the extremity of the base line into 
any number of equal parts, the more the better, as 
into 4, by points marked 1, 2, 3, &c. In the same 
way, divide the axis into the same number of equal 

Sarts, through each of which draw indefinite right 
nes, at right angles, to the axis. Through the 
points of the arc, at the base, draw lines parallel to 
the axis, producing them respectively until they meet 
the transverse lines drawn through on the axis, 
which will thus become points in the surface of the 
column. To assist in drawing these parallel perpen- 
diculars, it will be convenient, through the points in 
the arc at the base, to draw lines to the axis parallel 
to the diameter, and setting off a distance equal to 
one of these lines upon the transverse line passing 
through the first line. Another, equkl to that of the 
second, the points of the axis will be obtained as 
before. The setting on the transverses through the 
first point, a distance equal to the extreme points : 
in this manner, the points on the opposite side of the 
axis may be obtained. If, now, nails or pegs be 
fixed in the several points in the surface of the col- 
umn thus ascertained, and along them and through 
the two extreme points of the upper and lower diam- 
eters a thin slip of timber, equally flexible in every 
part, be applied, it will show the contour or section 
of the exterior of the column. The curve thus 
formed, being carefully transferred, will mark the 
edge of the rule to be used in diminishing the shaft. 
In this process, it is evident that the more numerous 
the points of the surface ascertained, the more accu- 
rately will the slip of timber assume the proper form, 
and the diminishing scale be constructed. 

MOULDINGS. 

Although the shaft of a column may not admit of 
any ornament on its body, yet, at each end, in the 
base and the capital, various ornamental parts are 
introduced, in the due distribution and proportion of 
which consists their principal beauty. These are, in 
general, called mouldings^ because they are always of 
the same shape, as if they all proceeded from the 
same mould or form. Slouldings are, by some 
writers, divided into Grecian and Roman, with a ref- 
erence to the remains of the architecture of those 
nations still in existence. The difiierence consists in 
this — that the Romans generally employed circular 
arches in their ornamentis, while the Greeks often 
introduced parts of an ellipsis, or of some other sec- 
tion of a cone varying fi-om the circle. The princi- 
ple parts of mouldings are these : 1st. The flat part 
under or above a moulding is a, fillet, as resembling a 



bandage or turban tied round the colunm. 2d. When 
the moulding projects in the form of a quadrant or a 
smaller portion of a circle, it becomes an echinus 
or Romano ovolo, from its likeness to a portion of 
the shell of a sea-hedgehog or of a common egg. 
3d. But if the moulding, reversing that figure, be a 
hollow of the same shape, it is, therefore, called a 
cavetto. 4th. A small projecting semicircular mould- 
ing is in general called a bead, as particularly belong- 
ing to the astragal, or neck ; but, 5th. K the moulding 
be much larger, with a fillet above or below it, it 
then becomes a torus, as imitating a. rope or cable 
applied to the column. 6th. If the section be a con- 
cave semicircle, or semiellipsis, it becomes a scotia^ 
because the interior is dark. 7th. When the projec- 
tion is not properly a part of a circle, but rather of 
an ellipsis, or of some other section of a cone, re- 
turning in quickly at the upper part, it is called a 
Grecian ovolo ; and the quick return in it is by 
workmen called a quirk. 8th. A contour or section, 
partly concave and partly convex, is a cymatium, be- 
cause it imitates the waves of the sea. 9th. If the 
concave part be uppermost, it is a cyma recta ; but 
if the convex part be uppermost, it is a cyma reversa, 
or ogee. 

VOLUTES. 

A volute is a kind of spiral scroll, used in the 
Ionic jand Composite capitals, of which it makes the 
principal characteristic and ornament. It has been 
called the ram^s horn, from its figure, which bears a 
near resemblance to it. Most architects suppose that 
the ancients intended the volute to represent the bark 
of a tree, laid under the abacus, and twisted thus at 
each extreme, where it is at liberty. Others regard 
it as a sort of pillow or bolster laid between the 
abacus and echinus, to prevent the latter from being 
broken by the weight of the former and the entabla- 
ture over it. Accordingly, they call it pulvinvs. 
Others, after Vitruvius, contend that it is designed to 
represent the curls or tresses of a woman's hair. 

The number of volutes in the Ionic order is four ; 
in the Composite, eight. There are also eight angu- 
lar volutes in the Corinthian capital, accompanied 
with eight other smaller ones, called helices. There 
are several diversities practised in the volute. In 
some the list or edge, throughout all the circumvolu- 
tions, is in the same line or plane. Such are the 
antique Ionic volutes, and those of Vignola. In 
others, the spires or circumvolutions fall back ; in 
others, they project or stand out. Again : in some, 
the circumvolutions are oval ; in others, the canal or 
one circumvolution is detached from the list of 
another by a vacuity or aperture. In others, the rind 
is parallel to the abacus, and springs out from behind 
the flowers of it. In others, it seems to spring out 
of the vase from behind the ovum, and rises to the 
abacus, as in most of the fine Composite capitals. 
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The volute is a part of great importance to the 
beauty of the column ; hence architects have invent- 
ed divers ways of delineating it. The principal are 
that of Vitruvius, which was long lost, and at last 
restored by Goldman, and that of Palladio. 

DRAWING A COLUMN. 

In drawing a column of any particular order, the 
several dimensions and members are measured b^ a 

f)roportional scale, founded on the diameter of the 
ower extremity of the shaft, immediately above the 
projection of the base, where the shaft becomes rec- 
tilineal. This diameter is divided into two equal 
parts, each being the radius of the transverse section 
of the column, and it is termed a module. The 
whole diameter is subdivided into sixty equal parts 
or minutes^ of which, consequently, thirty are con- 
tained in a module. These proportional quantities 
arc easily converted into real when the lower diam- 
eter of the column is given in measure. Thus, if the 
lower diameter of a Doric column be 5 feet, or 60 
inches, the module must be 2^ feet, or 30 inches, and 
each minute will be 1 inch ; and the Doric column 
being in height 8 diameters, the height of the given 
column will be 40 feet : hence the entablature, being 
one fourth of the height of the column, its height in 
this case will be 10 feet, and so on. 

In the Tuscan order, the height of the column is 7 
times the lower diameter, or 14 modules ; the entab- 
lature one fourth of the column, and pedestal one 
fifth of the height of all the parts. Hence, let the 
whole height of a Tuscan column, with its pedestal 
and entablature, be fixed at 40 feet, the pedestal, 
being one fifth of the whole, will be 8 feet high. 
The remaining 32 feet, divided by 5, will give nearly 
6 feet 5 inches for the entablature, and 25 feet 7 
inches for the column, of which the lower diameter, 
being one seventh, will be nearly 3 feet 8 inches. 
Had the order been Ionic, the whole height, 40 feet, 
divided as before by 5, (for, in all the orders, the ped- 
estal is always one fifth of the entire height,) would 
have given 8 feet for the pedestal, and the remaining 
32 feet, divided by 6, would have given 5 feet 4 
inches for the entablature, leaving 25 feet 8 inches 
for the column, of which the ninth part, or 2 feet 11^ 
inches, is the lower diameter. But, in general, when 
the whole height of the column, with its pedestal 
and entablature, is given, the several portions are 
thus found in all the orders. For the Tuscan^ divide 
the entire height by 5 ; the quotient is the pedestal, 
and the remaining height, divided by 5, will give the 
entablature. The remainder, divided by 7, gives the 
lower diameter of the column. In the Doric, divide 
the whole height by 5, for the pedestal ; one fifth of 
the remainder is the entablature, the rest is the col- 
umn, of which the eighth part is the diameter. Ionic 
— ^ deducting from the entire height one fifth for the 



pedestal, one sixth of the remaining height is the 
entablature, and one ninth of the remainder is the 
diameter of the column. 

CORINTHIAN. 

After cutting off* the pedestal, as before, the entab- 
lature is one sixth of the remainder, as in the Ionic ; 
and one tenth of the rest is the diameter of the col- 
umn. For the Composite order, the same proportions 
are employed. In laying down any order on paper, 
draw a perpendicular right line to represent the axis 
of the column. Near the bottom, draw another line 
(horizontally) at right angles, on which, from the 
perpendicular, set off on each side a distance equal 
to a module, on one half the diameter. On a sep- 
arate line equal to this diameter form a scale of sixty 
equal parts or minutes, by which to measure all the 
dimensions, reducing them to minutes from the num- 
ber of feet and inches in which they are usually 
given. The construction of such scale is, howevej, 
generally unnecessary, from the variety to be found 
on Gunter's and other scales of wood, brass, &c., 
sold by the makers of mathematical instruments. 
On the axis of the column produced below it, set off, 
progressively downwards from the bottom of the col- 
umn, the heights of the several members composing 
the base and pedestal ; and through each of those 
points draw pencil lines at right angles to the axis. 
Again : from the same bottom line of the column 
set up along the axis the several heights of the cap- 
ital, architrave, frieze, and cornice, drawing, as be- 
fore, lines at right angles through each point thus 
ascertained. Then, from the axis, set off, on each 
horizontal line, the proper projection of all the sev- 
eral parts in order, by which means the true elevation 
and projection of each will be obtained. The ex- 
tremities of these horizontal lines are then connected 
by the fillet, the ovolo, cyma recta, &c., according to 
the kind of ornamental profile belonging to each par- 
ticular order of architecture. 

The relative proportions of the various parts of 
the orders being accurately marked on the plates, 
any account of them here might be regarded as a 
work of supererogation. 

A specimen of the Composite order, singularly 
rich and beautiful, exists at Rome, in the triumphal 
arch erected to commemorate the awful and pre- 
dicted destruction brought upon the city and temple 
of Jerusalem by the Romans, in the year 70, under 
Titus, diu'ing the reign of his father Vespasian.* 

* The remains of this triumphal arch stand yery near the south- 
western limits of the ancient Forum. They are thus noticed by 
Theodore Dwight, Esq., in t"he Journal of his Tour in Italy : " It 
(the arch) is built with solidity, of large blocks of marble, in the 
form of a simple gateway ; but the deep channels worn into its sur- 
face by time, and the immediate historical connection it has with 
the oyerthrow of Jerusalem, haye imparted to it a moral grandeur 
which eyen superior antiquity or magnitude alone could neyer 
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Under the arch are sculptured the golden candela- 
brum of seven branches, the tables of showbread, 
and other spoils carried away from the temple. It is 
the ingenious, and not improbable, fancy of some 
eminent writers on architecture, that the general idea 
of the Composite order, as it appears in the Arch of 
Titus, was borrowed by some Roman artist in the 
suite of that general from the structure of the Tem- 
ple of Jerusalem itself, after the conquest of the city, 
but before its final overthrow. Josephus, it is true, 
says the columns of the temple were Corinthian ; 
but the differences between that order and the Com- 
posite might not attract his attention, nor would 
they have been generally deserving of notice. At 
any rate, the triumphal and tropheal Arch of Titus is 
the most ancient monument in which the Composite 
order is discovered. This arch possesses another 
peculiarity, that it is supposed to be the first struc- 
ture of the tropheal or triumphal kind erected by the 
Romans — an example soon afterwards imitated by 
the abject adulation of the people, or, rather, by 
the insulting vanity of their princes, until at last 
such trophies, being lavished without discrimination, 
ceased to be marks of honorable distinction. 

The feelings and duties of human beings in a 
social state of existence naturally spring from that 
state. To a person brought up from infancy in abso- 
lute solitude, such feelings would only produce mis- 
ery, and such duties would be a nonentity. Let, 
however, two persons be placed in mutual commu- 
nication, and that instant feelings of kindness or 
dislike, of affection or hatred, will arise. Let both 
be hungry, and let an apple or an orange only be 
procured ; this each will instinctively desire to appro- 
priate to himself, for an equal distribution of the 
• object of their desires between them must be the 



powoflo. Those who hare read the Scriptures from infancy, and been 
taught to mourn with the saints and prophets of Israel oyer the des- 
olation of the city of David and the house of God, can nerer ap- 
proach, unaffected, and regard this monument of heathen triumph. 
As we entered the shelter of the arch we trod the stones of the 
old Sacred Way, which lay yet undisturbed under our feet — prob- 
ably the same pavement that Titus passed over in his triumphal 
march to the Capitol, when they brought the spoils of the Holy 
Temple and a large company of Jewish captives. On the right are 
seen, beitutifully sculptured in relief, the seven golden candlesticks, 
the silver trumpet, the table of showbread, and tke book of the law, 
aU borne by priests marching in order ; and on the other side is the 
emperor in his triumphal car, drawn by four horses harnessed 
abreast, and represented with the highest skiU of the sculptor. The 
ichariot is accompanied by the Genius of the Senate and Victory, 
bearing a crown of a branch of palm from Palestine. This record 
of history, containing more details than I have enumerated, still 
speaks to the eye and to the mind in language as clear and impres- 
■ive as when it was first erected. But Uie unyielding spirit of the 
captives retains, to this day, aU its pride and sternness. There are 
many Jews now in Bome, tiie descendants of the prisoners of Titus ; 
but it is said that not a son of Israel has ever passed this detested 
spot, and trodden this part of the Sacked Way, since the day of his 
triumph. They stiU delight to trace back their pedigree to those 
whose humiliation they have inherited ; while* it is said, not a man 
in being can eatabliah a clear and undoubted daim to the blood of 
•ay ancient Boman fiunily." 



result of posterior experience and reflection, and not 
the spontaneous suggestion of the occasion. If the 
one is a little stronger or more alert than the other, 
he will avail himself of these advantages over his 
fellow-being to seize the object of his wishes. By 
this sole appropriation, the other sustains not an 
imaginary, but a real, loss. The natural desire for 
necessary aliment will aggravate his feelings of dis- 
appointment and defeat into aversion, resentment, 
and revenge against his spoiler ; and should he be 
frequently thwarted in a similar way by his com- 
panion, nothing short of the entire destruction of 
that companion will appear sufficient to secure him- 
self from future privations and sufferings. This 
process will take place in the breast of the weaker 
being, even although the stronger should not attempt 
to assume to himself still greater advantages, in 
consequence of his acknowledged superiority. That 
the latter will, however, be governed by sentiments 
so moderate, is extremely improbable. The self- 
gratulation arising from consciousness of power 
will yield a flower too d^elicious not to induce the 
desire of again experiencing such delight He will 
thus naturally be disposed to exercise his superior 
faculties, not when the calls of necessity only, but 
when the suggestions of vanity or caprice, may fur- 
nish opportunity. Hence, his feebler neighbor will, 
by degrees, be reduced to absolute slavery, depend- 
ent on the other for even the necessary means of 
existence; and of this existence itself, should he 
long continue refractory, he will probably be at last 
deprived. Thus may be traced the origin of the 
worst feelings and actions by which human beings 
are distinguished ; and by a similar, but opposite, 
process, may the rise and progress of the best senti- 
ments and conduct be explained. In absolute se- 
questration and solitude, neither virtue nor vice can 
exist ; but without virtue and vice in society, human 
beings can have no existence. When this simple 
and obvious theory of what is called the origin of 
evil (a theory by far too simple and too obvious to 
►have fixed the attention of presumptuous philosophy 
in any period of the world) is considered, it will ex- 
cite no surprise that the history of mankind, under 
even the most favorable circumstances, should pre- 
sent little else than an endless chain of deplorable 
wickedness and wretchedness, equally the natural 
consequences of folly and vice. " We are a con- 
temptible gang of plunderers, pests of society, mer- 
iting, forsooth, punishment the most severe and dis- 
graceful, because we appropriate to ourselves the 
property of unoffending men, and even, on some 
occasions, deprive the owners of life ; and all this we 
do, few in number, more frequently by secret strat- 
agem than by open force, and even in some measure 
authorized by the sanction of necessity. Thou, on 
the other hand, born to independence, to wealth, to 
power, to supreme dominion, without even a rival to 
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attempt to obstmct the gratification of thy desires, 
without provocation, without invitation, without ne- 
cessity, without any motive or reason which a man 
of genuine courage and truth, a Mend to human kind, 
would avow ; thou destroyest cities, the abode of in- 
dustry, knowledge, and patriotism ; thou layest waste 
peaceable and flourishing countries, where thou hast 
received no injury ; thou causest to flow torrents of 
the blood of nations who never even heard of thy 
name ; and all this thou dost at the head of armed 
myriads, in open defiance of common justice and hu- 
manity ; therefore art thou exalted to the rank of a 
hero, a conqueror of worlds, a demigod." In such a 
strain, we are told, was the mighty Alexander of 
Macedon addressed by the chief of a petty band of 
pirates who fell into his hands, and whom he con- 
ceived himself authorized to punish, in an exemplary 
manner, for their outrages on society ; and the obser- 
vations are folly warranted by the undeviating prac- 
tice of all people and of all times. Hence, we find 
in the most ancient records of human society ap- 
plause and reward lavishly bestowed on the successful 
w^arrior, whether just or unjust the cause in which 
he was engaged. But, beside this and other marks 
of the real or supposed admiration and gmtitude of 
their armies and people, conquerors were in the habit 
of constructing some more substantial evidence of 
their victories on the scene of their exploits. 

At one time a rude block of stone, at another a 
mould or hillock of stones and earth, raised on the 
field of battle, served at once to point out the spots 
where the honors of the victor were achieved, and 
where rested from their toils the human beings thus 
cut ofi" in the performance of the duties he imposed. 
Of such monuments many examples still survive the 
long lapse of ages, in Great Britain — in Cornwall, in 
Wales, and in Scotland. These dumb memorials 
came at last into disrepute ; they recorded, indeed, a 
slaughter and a victory ; but succeeding generations, 
when tradition grew feeble or entirely died away, 
were left to conjecture the cause of their erection; 
and the mighty warrior was thus bereft of half his 
glory. When the Romans began to establish them- 
selves in the southern parts of Gaul, and to extend 
the boundaries of their province, now Provence, Lan- 
guedoc and Dauphiny, in France, they first constructed 
durable memorials of the success usually accompany- 
ing the exertions of united and well-disciplined bands, 
although far from numerous, against countless mul- 
titudes of irregular, ungovernable barbarians. Two 
Roman generals, Domitius ^nobarbus and Fabius 
Maximus, erected on the banks of the Rhone, saxos<B 
turres^ towers built of stone, supporting trophies, con- 
sisting of arms offensive and defensive, standards, 
instruments of martial music, and other pledges of 
victory taken from the ancient Gauls. This conduct 
on the part of their commanders was highly reproved 
at Rome ; for until then the Romans bad never al- 
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lowed themselves, even after their most signal success 
in war, to erect, in the midst of a conquered people, 
any monument whatever, by which they should be 
reminded of their subjection, and, consequently, be ex- 
cited to endeavor to regain their former independence. 
" Never before this," says the historian, " did the Ro- 
man people upbraid any conquered nation with their 
own defeat." This happened about one hundred and 
twenty years before England's era. Some time after- 
wards, Pompey constructed, on the summit of the 
Pyrenees, near their eastern extremity, a permanent 
building, as a memorial of his successes, slight enough, 
indeed, over the partial but patriotic attempt of the 
Spaniards to throw off the Romish yoke. This ac- 
tion was severely reprobated at Rome. The same 
magnanimous sentiment actuated not the free states 
of Greece only, but even the despotic and military 
kingdom of Macedon. " States and nations," said 
those ancients, "like individuals and families, will 
differ upon particular points, where their interests, real 
or supposed, are concerned. These differences will 
lead to quarrels, and even to the most hostile proceed- 
ings and open warfare. It is not unnatural that, in 
these contests in arms, the victors should endeavor to 
confirm the courage and ardor of their own people, 
and to depress the spirit of their adversaries, by some 
public testimony of their superiority. For such a pur- 
pose, a few helmets, and breastplates, and shields, 
and swords, taken from the vanquished and supported 
against a spear, or suspended on a tree, on the scene 
of victory, will be folly sufficient : let not, however, 
such emblems of superiority be of long duration. 
The passions of men will cool, their views of interest 
will change, and the parties which to-day meet with 
deadly rancor in the field will be found, in a short 
time united in one common cause, and fighting, as 
friends and brothers, against an ally of one of the 
parties on a former occasion, but now become a com- 
mon foe. It is, besides, to be considered that suc- 
cess in war is not always attached to one side ; no 
nation was ever always victorious, nor always dis- 
comfited. Let us never, therefore, by permanent rec- 
ords of our temporary superiority, labor to cherish and 
foment among our neighbors that spirit of hostility 
which, at no distant day, it may be equally our de- 
sire and oiu* interest entirely to extinguish. Injuries 
men often will, and do, forgive; insults, perhaps, 
never." Such were the wise and magnanimous sen- 
timents and principles of the Greeks and Romans, the 
two most enlightened nations of antiquity, in their 
best days. In the degenerate days of Titus and Ves- 
pasian, however, when Rome reigned paramount over 
the greater portion of the civilized world, the feeling 
of national importance ^nd independence, the source 
and support of every manly, generous, and patriotic 
principle, was next to extinct in the nations of Eu- 
rope. The example set in the case of Titus was 
speedily foUowed; and not only Rome itself, but 
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nnmbers of the principal cities over the empire, were 
adorned with emfices, triumphal, tropheal, and com- 
memoratory, many of which still remain, exhibiting 
admirable specimens of architecture and sculpture, 
and, by the inscriptions and representations with which 
they are charged, serving to illustrate and establish 
the dates of many important historical facts. Wis- 
dom, justice, and moderation are immutable; and, 
as such, never (let weak, and consequently narrow- 
minded, men say what they may) can be inexpedient 
or out of season. Human nature is, at this day, what 
it was twenty centuries ago. Let, then, the prudence 
and humanity by which states were then governed, 
and not the overbearing presumption and insolence 
on the one hand, and the abject, interested adulation 
on the other, by which later periods have often been 
characterized, suggest the most commendable models 
for modern imitation. 

But to return to the Arch of Titus. It may be just 
to add, that the unfortunate branches of the Hebrew 
nation established in Rome made an arrangement, 
many years ago, with the government, agreeably to 
which, for the payment of a certain sum of money, 
they were permitted to open a narrow passage by the 
side of that arch, which, although not now connected 
with the inhabited part of the town, is situated in the 
heart of the old city, on a very public thoroughfare, 
that their minds might not be tortured unnecessarily 
by the display of the emblems of the final destruction 
and extinction of their religion and their state, of 
their name and their nation. This digression the 
reader will, it is trusted, without difiiculty pardon. 
It arose naturally from the subject, and may, per- 
haps, suggest certain considerations not entirely un- 
profitable. 

With respect to the kind and degree of ornaments 
to be introduced into a column and its appendages, 
it is a maxim, founded in our natural sentiment of 
what is decorous and beautiful, that if we are in 
doubt concerning the proper medium, we should al- 
ways stop short of the proposed point, and be careful 
never to go beyond it The pupil of an ancient 
painter in Greece produced a Venus loaded with jew- 
els. " Unable to make the goddess beautifol," said 
his master, " you have thought to atone for that de- 
fect, by making her rich and fine." The dignified 
sobriety and gravity becoming an edifice appropriat- 
ed to religious purposes or to the senatorial and 
legislative assemblies of a great and enlightened peo- 
ple ; the massive solidity and strength inherent in our 
idea of a fortress ; the light, airy, exhilarating notion 
attached to the name of a theatre or other places of 
amusement, — all these qualifications of the edifices to 
be constructed will, to an architect of genius, suggest 
the species and the measure of the ornament suitable 
to each. A slender, delicate, and highly-enriched 
Corinthian portico to Newgate prison could not be 
more incongruous, nor indicate a greater want of 



taste in the builder, than a massive, heavy, clumsy 
Doric (if Doric it be) range of pillars, and their pedi- 
ments corresponding — apparently forbidding, but 
doubtless meaning to invite, the passing stranger to 
enter the theatre of Covent Garden. When we ex- 
amine the monuments remaining from antiquity, we 
find that the cyma, the cavetto, or other ornament, 
formed by cutting into the substance of the work, 
is employed as a finishing only, and never where 
strength is required; that the ovolo and talon are 
employed to support the essential parts of the entab- 
lature, such as the modillions, dentils, and corona ; 
that the principal use of the torus and astragal is to 
secure and strengthen the extremities of the columns, 
being also employed for the same purpose in pedes- 
tals, carved so as to resemble a rope or cable, agree- 
ably to the original signification of the term torus ; 
that the scotia serves merely to separate the members 
of the base, as does also the fillet, not only in the 
base, but in profiles of all kinds. By the term pro- 
file^ is here meant the assemblage of parts, mouldings, 
and ornaments of a cornice, &c., in which the eleva- 
tion and projection of each member are exhibited. 
The most perfect profiles are those consisting of the 
fewest mouldings, adapted to the order of the column, 
so disposed that the right lined and the curved mem- 
bers succeed one another alternately. In every profile 
one member should be predominant, to which all oth- 
ers must appear subordinate : thus, in a cornice, the 
corona is the chief member, the cyma of the cavetto 
covers and defends it from the rain, while the modil- 
lions, dentils, ovolo, and talon serve to support it. 
In the arrangement of the exterior of a building, 
whatever does not tend to characterize its destina- 
tion, however beautiful in itself, is always misplaced. 
Greatness of character in an edifice is principally 
produced by largeness and simplicity of parts ; such 
parts, not only by their own magnitude, but by the great 
masses of light and shade they exhibit when ftiUy 
illuminated, excite the idea of grandeur. An object 
may be great, and not be grand ; but grandeur and 
^ smallness of parts are incompatible. One of the most 
extensive edifices in Europe is the King of Spain's 
palace, at the Escurial, not far from Madrid. It 
covers a vast extent of ground, enclosing a number 
of courts, porticoes, chapels, &c., in its bosom. Hav- 
ing, however, been constructed as a monastery rather 
than as a palace, (for the royal apartments are con- 
fined to a very small portion of the structure,) the 
building is divided into various floors, and, conse- 
quently, the exterior walls are pierced with various 
ranges of comparatively small windows, adapted to 
the cells and halls of monks. The consequence of 
all this is, that the idea of grandeur and magnificence 
raised in the mind of the spectator, while approach- 
ing it from a distance and observing .its prodigious 
dimensions, entirely vanishes away, when, on a closer 
view, the whole is discovered to be only an assemblage 
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of smafl diminutive parts and members, such as 
might be suitably introduced into a manufactory, a 
barrack, a hospital, or a convent. Many objections 
have been made to Blenheim Palace, in Oxfordshire, 
England, as clumsy, ponderous, inelegant, and by no 
means corresponding to the customary notion of a 
country residence. That magnificent edifice was 
erected, at the expense of the nation, to commemo- 
rate the signal victory obtained in 1704, near Blen- 
heim, a village on the north bank of the Danube, by 
the allied army, under the Duke of Marlborough. 
That distinguished and modest commander stands, 
next to Julius Csesar, unrivalled in history for perfect 
coolness and possession of himself in action; who, 
BO far fi"om ever exposing himself to the possibility 
of being surprised, whatever might have been the 
talents of his opponent, never rested until he was so 
close upon the enemy as, in many cases, to discover 
their measures, and prevent their Arming any project 
against himselJF for the greater part of the campaign. 
Like CsBsar, also, in person a hero, he was scrupu- 
lously tender of the lives of his men, and, to spare 
them, would often forego the opportunity of a bril- 
liant, but sanguinary and useless victory, for the more 
slow, but more secure and difficult advantages to be 
obtained by a skUftd occupation of ground. On a 
due consideration of the destination of Blenheim, it 
will be manifest that the architect. Sir John Vanburg, 
intended, by throwing the structure into a variety of 
large, projecting, and retiring masses of building, to 
produce broad and powerful effects of light and 
shade, and by that contrivance to fill the spectator 
with the idea of the vast magnitude of the parts and 
of the whole far beyond what their real magnitude, 
considered as it is, could be expected to excite. 

Besides regular columns and pilasters, we some- 
times meet, in ancient and modern architecture, en- 
tablatures supported by human figures. These are 
termed CaryaMdes^ firom the following circumstance : 
Five hundred years before our era, Xerxes, the power- 
fill monarch of Persia, led a prc^gious army and 
fleet against the firee and independent republics of 
Greece. Successful at first, more by treachery than 
by valor, he was at last discomfited at every point, 
and compelled to return in disgrace and ruin to his 
own country. Carya, a town of Peloponnesus, had 
basely formed a league with the invader ; and upon 
his flight it was besieged by the other states, levelled 
to the ground, the male inhabitants put to the sword, 
and the unhappy, perhaps innocent, females reduced 
to slavery of the severest kind. To perpetuate to 
future ages the infamy and punishment of the people 
of Carya, in Athens, and in many other parts of 
Greece, buildings were erected, in which were intro- 
duced, in the place of columns and pilasters, figures 
of Caryan women supporting the load of a cornice 
and entablature. In general, these figures are at- 
tached, like pilasters, to the wall ; but in Athens they 



are also found detached, and performing the duty of 
columns. Male figures are also employed in the 
same way in some ancient buildings in Greece and 
in Rome ; in Greece, they are evidently intended to 
represent Persian prisoners taken from Xerxes, 
From this account, it is evident that human figures, 
in the place of columns or pilasters, ought, if at all, 
to be introduced on very particular occasions indeed. 
They nevertheless are often seen in the palaces of 
princes, and even in private dwellings. Our churches 
themselves, in which all adventitious distinctions 
among mankind ought, if any where, to disappear, 
are not free from this absurdity. These poor females, 
humiliated, borne down with a heavy load, are meant, 
we are to understand, for the Muses and the Graces, 
the Vutues, and the Angels themselves. Could the 
vices which corrupt, and the furies which torment, the 
human race be thus chained down, and so rendered 
in some sort subservient to our use, such an applica- 
tion of Persians and Caryatides might easily be 
reconciled to reason. 

Not only entire human figures, but simple busts, 
are also employed, occasionally, to support the entab- 
latures of monuments, chimney pieces, &c The 
head is placed on a stand, smaller below than above ; 
and the whole is called a term^ from terminus^ a 
boundary, the Roman name of the landmarks or 
march stones erected on fields and possessions to 
point out the boundaries between the lands of differ- 
ent proprietors. The protecting charge of these land- 
marks, as of every thinff else connected with the affairs 
of industry and commerce, being intrusted to Mer- 
cury, by the Romans as well as the Greeks, the top 
of the stone or post was carved in resemblance of his 
head; so that to destroy, or remove, or deface such 
monuments was regarded not only as gross injustice 
to men, but as a voluntary and impious offence 
against the powers above. 

It now remains to give a few observations on the 
constructions of bridges, one of the most important 
and difiicult applications of architectural skill. 



CONSTEUCTION OF BRIDGES. 

By a bridge, we mean a structure of stone, brick, 
timber, or iron, erected over a river, a canal, a valley, 
or other depression in the ground ; and supported on 
piers and arches, or on posts, for opening a communi- 
cation for passengers, cattle, and carriages across 
from the one side to the other. 

The perfection of a bridge consists in its having a 
good foundation, that it may be durable ; of an easy 
ascent and descent, that it may be convenient ; and 
of a just proportion in its several parts, that it may 
be beautiful. Bridges should always be placed at 
right angles to the course of the river, &c., and the 
piers should never be thicker than is just necessary 
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to support the stracture against the force of the 
coirent 

The simplest theory of the arch supporting itself 
m equilibrio (that is, in such a state that the ten- 
dency of every part to fall down or give way is per- 
fectly equal) is that of Dr. Hooke, the greatest of all 
philosophical mechanics, who flourished in the latter 

Eart of the seventeenth century. The arch, when it 
as only its own weight to bear, may be considered 
as the reverse of a chajn suspended freely at each 
end; for the chain hangs in such a form that the 
weight in each link is held in equilibrio by the result 
of the two forces acting at its extremities. Two 
forces, or tensions, are produced, the one by the weight 
of the portion of the chain below any particular Imk, 
the other by the same weight, increased by that of 
the link, both of them acting originally in a vertical 
direction. Now, supposing the chain inverted so as 
to constitute an arch of the same form and weight, 
the relative situation of all the lines indicating the 
direction of the forces will remain the same, the 
forces acting only in contrary directions ; so that they 
are compounded in a similar manner, and balance 
each other on the same conditions, but with this dif- 
ference, that the equilibrium of the chain is stable, 
and that of the arch is tottering. When the links are 
supposed to be infinitely small, and the curvature of 
the chain is greatest in the middle, the chain forms 
what is called a catenarian curve, from catena^ a chain. 
In common cases, this form of an arch differs but 
little firom a circular arch of about one hmidred and 
twenty degrees, or one third of a whole circle, rising 
from the abutments, with an inclination of thirty 
degrees to the perpendicular ; the arch, however, be- 
comes more curved at some distance below the sum- 
mit, and then again less curved. The supposition, 
however, of an arch resisting a weight acting only in 
a vertical direction, is by no means perfectly applica- 
ble to cases usually occurring in practice. The pres- 
sure of loose stones and earth, moistened as they gen- 
erally must be by rain, is exerted very nearly in the 
same manner as the pressure of fluids, which act 
equally in aU directions ; and even if the stones and 
earth were united in a solid mass, they would consti- 
tute a sort of wedge, and produce a pressure of a 
similar nature. 

A bridge must also be so calculated as to support 
itself without being in danger of falling by the de- 
fect of the lateral adhesion of its parts. In order 
that it may, in this respect, be of equal strength 
throughout, the depth at each point must be propor- 
tional to the weight of the parts beyond it This 
property belongs to the logarithmic curve alone, the 
length being made to correspond with the logarithm 
of the depth. But, in the construction of bridges, it 
is necessary to inquire what is the best form for sup- 
porting any weight which may occasionally be placed 
on the bridge; in particular, on its weakest part, 



which is usually the middle of the arch* Supposing 

the depth at the summit of the arch and at the abut- 
ments to be given, it may be considerably reduced in 
the intermediate parts, without impairing the strength ; 
and whether the road along the bridge be horizontal 
or a little inclined, it is agreed that an elliptic arch, 
not differing much from a circular, is the best calcu- 
lated for complying, as much as possible, with all 
necessarv conditions. 

The tier of bricks cut obliquely, which is placed 
over a door ox window, is a real arch, but so flat as 
to allow the outline to appear horizontal. Little 
dependence, however, can be placed on so flat an 
arch, since it produces a lateral thrust, that might 
easily overpower the resistance of a side wall. For 
the horizontal force required to support each end of 
an arch is always equal to the weight of a quantity 
of the materials supported by its summit, supposed 
to be continued of their actual depth, to the length 
of the radius of the circle, of which the summit of 
the arch is a portion. This simple calculation will 
enable an architect to avoid such accidents as but too 
often happen to bridges for want of sufficient firm- 
ness in the abutments. Very eminent modern archi- 
tects have sometimes been less successful in con- 
structing arches of bridges and other edifices than 
those of former times, whom it is but too common to 
despise ; and, for want of attention to mechanical 
principles, they have committed such errors in their 
attempts to procure an equilibrium as have been 
followed by the most mischievous consequences. 
Examples of this mismanagement might be pointed 
out in the bridges of our own country, and the 
churches of others ; but if we are masters of the true 
nature and action of pressure, we shall be able to 
avoid similar errors, unless some defect in the mate- 
rials, the foundation, &c., occur, which could not be 
foreseen. 

It is desirable that the piers of bridges should be 
so firm as to be able not only to support the weight 
of half of each adjoining arch, but always to sustain 
the side thrust of one of them, should the other give 
way. The same condition is necessary for the sta- 
bility of walls of any kind employed in supporting 
an arched or vaulted roof; hence the utility of the 
external buttresses, which strengthen and adorn 
Gothic structures. There are two ways in which a 
pier or a wall may give way ; it may either be over- 
set, or caused to slide away horizontally. But since 
the friction or adhesion which resists the side motion 
is usually greater than one third of the pressure, it 
seldom happens that the whole thrust of the arch is 
so oblique as not to produce a sufficient vertical 
pressure for securing the stability in this respect*, 
and it is only necessary to make the pier heavy 
enough to resist the force which tends to overset it 
It is not, however, the weight of the pier only, but 
that of half of the arch which rests on it, that resistb 
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every effort to overset it; and, in order that the pier 
may stand, the sum of these weights acting on the 
end of a lever, equal to half the thickness of the pier, 
must be more than equivalent to the horizontal 
thrust acting on the whole height of the pier. The 
pier may also be considered simply as forming a 
continuation of the arch ; and the stability will be 
preserved as long as the curve indicating the direc- 
tion of the pressure remains within its substance. 
The dimensions of the piers must depend on the 
size and form of the arch, as also on the force of the 
current to be opposed. Li tide rivers, the current 
acts twice a day in contrary directions, rising consid- 
erably above the surface bf the river itself, and re- 
turning to that level. The pressure on the piers is, 
therefore, very unequal ; and, from the circumstance 
that the stones must be thus in a continual alteration 
between wet and dry, the selection and placing of 
the materials becomes a matter of the greatest im- 
portance. Some persons are of opinion that blocks 
of stone resist the action of water and sun, of 
wet and dry weather, best, when placed exactly in 
the same position as when they lay in the quarry. 
Whether this circumstance, if real, was attended to 
or not in the construction of Blackfriar's Bridge, in 
London, or whether the stone was of an improper 
kind, it is certain that such parts of the piers as are 
exposed to be covered by the tide are now in a state 
of manifest decay, while the corresponding parts of 
Westminster Bridge are comparatively but little 
affected, although it was founded in 1738, and the 
former bridge not till 1760. The new Strand Bridge 
ia built of granite, the least subject to decay of all 
stone from external causes. The stone employed in 
constructing the grand quay along the front of the 
arsenal of Woolwich, in England, was drawn from 
the vicinity of Dundee, in Scotland, and is found to 
answer much better in such a situation, where it is 
alternately, with short intervals, wet and dry, than 
any formerly employed. It has been likewise used 
in some of the great basins and docks in London, 
and in constructing the piers to support the iron 
bridge over the Thames, at Vauxhall. 

In building a bridge, the most essential part of 
the enterprise is to secure a good foundation. The 
most simple method of doing this, and carrying up 
the piers to the ordinary height of the water, is to 
turn the river out of its course, above the position of 
the bridge, into a new channel opened for it, near 
the place where it makes an elbow or bend, or by 
raising an enclosure round the spot where the pier is 
to be built, to keep out the water, by driving a double 
row of piles into the bed of the river, very near one 
another, with their tops above the surface of the 
water. Hurdles are then put within this double 
row of piles, the side of the row which is next the 
intended pier is closed up, and the hollow between 
the rows filled with rushes and mud, so closely 



ranmied down that water will not pass through. 
The mud, sand, stones, &c., within this enclosure, 
are dug out, until a solid foundation appears. When 
such a foundation cannot be found, one of wooden 
piles, having their lower ends well charred to prevent 
rotting, and driven into the bottom of the river as 
close together as possible, must be made. Some 
architects have formed a continued foundation the 
whole length of the bridge, and not merely under the 
piers. In doing this, first one part of the river is 
excluded, and then another, until the whole foun- 
dation be laid. When a river is but of moderate 
depth, having such a bed as may serve for a natural 
foundation, capable of bearing, without subsidence, 
in whole or in part, a heavy pier, then a strong frame 
of oak is constructed, and kept upon the surface by 
boats around it. On this frame is laid a thick stra- 
tum or layer of stone, cramped together by iron bars, 
and united by strong terras mortar, the whole of 
which, being tiien specifically heavier than the water, 
is suffered gently to sink down to the bottom, where 
the pier is to stand. If it be required to construct a 
bridge across a fordable river, or a canal, where the 
course of the water may be turned off, either by a 
wooden fence placed obliquely across the river or by 
a channel dug one side, then a dam must be formed 
entirely across the stream, with piles at a convenient 
distance above the place of the intended bridge. 
The ground is then dug out, until a proper solid 
foundation presents itself, and all the piers may be 
founded and raised up to the usual height of the 
river at the same time ; after which, the river is per- 
mitted to return to its original channel. When the 
stream is by far too considerable to be turned aside, 
coffer dams are formed, of a circular shape, to enclose 
the spot where each pier is to be built The dam is 
made, as before said, by driving into the bed of the 
river a double row of stout p3es, either charred at 
the lower end, when the bed is easily penetrable, or 
shod for several feet with iron where it is hard. The 
piles are forced into the ground by repeated blows 
from the pile engine; the piles are covered with 
boarding, without and within, so as to be tolerably 
water tight ; and the water which does make its way 
through the walls, or which springs out of the en- 
closed bed, is drawn off by pumps and hand labor, 
or, if the undertaking be considerable, by means of 
a steam engine. 

Besides bridges, other bodies of masonry are also 
requisite, if not completely to transverse, at least to 
advance, a considerable way into the water. Such 
are the moles and piers carried out from the land 
into the sea, from opposite points of the shore, and 
mutually bending round towards each other at their 
extreme points, where they leave an interval suffi- 
cient for the passage of ships out or in. In our seas, 
where we have the advantage of the retreat of the 
sea twice a day, at low water such structures can be 
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fonnded and carried up, in general, without partic- 
ular difficulty. In the Mediterranean, however, where 
the rise and fall of the tide is either very unimpor- 
tant or wholly insensible, — as along the coasts of 
Spain, France, Italy, &c., — the construction of a mole 
becomes an enterprise of vast labor, difficulty, and 
expense. 

The work begins at the shore, by throwing into 
the sea blocks of rock or stone, the larger the more 
useful These find their place in the bottom, and, 
by accumulating block upon block over them, they 
at last rise above the surface of the water. The 
work being so far advanced, advantage is taken of 
the blocks above water to form a road, by which 
other blocks are carried out and rolled into the sea 
beyond those already placed, and these again in their 
turn serve, when they come to the surface, to convey 
another succession of blocks, until the foundation of 
the mole be carried out to the intended extent. When 
we take into consideration the inequalities of the 
bottom of the sea, where not covered with hard sand, 
the incessant internal motion of the waters, produced 
by currents, to say nothing of the superficial agita- 
tion produced by the winds, that most rocks and 
stones lose a great part of their weight when im- 
mersed in salt water, — and are, consequently, more 
easily moved about firom place to place by the mo- 
tion of the waters, — also the great extent in breadth 
to which rude blocks of stone or rock will necessa- 
rily roll before they find a bed, either in the bottom 
of the sea, or on one another, — when aU these things 
are, considered, the structure of moles and piers in 
such seas must appear to be an enterprise of extreme 
difficulty and expense. In such seas, however, no 
other mode of constructing an artificial harbor can 
be devised. When the foundation is supposed to be 
sufficiently consolidated, and is raised above the 
surface of the water, the mole is completed by a 
structure of hewn stone, founded in the interstices of 
the sunk blocks, adapted to the purposes of com- 
mercial and maritime affairs. Of this construction 
are the old and new models of Gibraltar, of Alicant, 
Tarragona, and Barcelona, in Spain ; of Sette and 
Toulon, in France; of Genoa, Leghorn, Civita 
Vecchia, Naples, and Anchona, in Italy, &c. The 
famous antique mole at Pozzuoli, in the Bay of 
Naples, is constructed with piers and arches founded 
in the sea, and is, from its appearance, called Calig- 
ula's Bridge, having been, as is supposed, erected by 
that imperial monster. On the same principles with 
the moles just described is constructed what is called 
the Breakwater, in the entrance of Plymouth Haven, 
in England, in the view oL abating the violence of 
the waves and currents wfrich have, on many occa- 
sions, proved most prejudicial to the fleets resorting 
to that otherwise admirable station for shipping of 
every sort. In the report laid before the British 
Parliament concerning this prodigious enterprise, 



which was carried oh at the public expense, the en- 
gineers, Messrs. Rennie and Whitby, (the former the 
engineer for the Strand Bridge, in London,) state 
that there are, properly speaking, three entrances into 
Plymouth Sound or Haven, viz., one on the west 
side of the bay, bounded by a long cluster of small 
rocks, called Scott's Ground, and the depth is only 
firom 3 to 4 fathoms, (firom 18 to 24 feet,) at low 
water ; and on the east by the Knap and Panther, 
on which is about the same depth of water. This 
channel is about 500 fathoms wide, and the general 
depth is firom 5^ to 6 fathoms at low water. The 
middle channel is bounded by the Knap and Panther 
on the west, and by the Tinker and Shovel on the 
east ; about 300 fathoms wide, and the general depth 
firom 6^ to 8 fathoms, at low water. 

From this description, it appears that a large part 
of the middle of Plymouth Sound is shut up by the 
Shovel and St. Carlos's Rocks ; that is, as a channel 
for large ships. Of course, works erected on those 
rocks would be no obstruction to a passage in or out 
of the Sound. If a pier or breakwater were con- 
structed on the Shovel Rocks, and extended west- 
ward, so as to shut up in part the channel between 
them and the Panther, and also to shut up or narrow 
the spaces between St. Carlos's Rocks and Andurn 
Point, the tide being then confined to a narrow space, 
the velocity of the current would be inci'eased, and, 
consequently, the channels where it passed. It 
seemed, therefore, proper that a pier or breakwater 
should be constructed in the Sound, having its east- 
ern end about 60 fathoms east fi-om St Carlos's 
Rocks, and its western end about 300 fathoms west 
fi-om the Shovel, forming, in the whole, a length of 
850 fathoms. Of this pier, 500 fathoms in the mid- 
dle should be straight, and 175 at each end inclined 
at an angle of 120 degrees. In addition to this 
breakwater, another should be extended firom Andurn 
Point, on the shore, towards the former, of about 400 
fathoms in length, having also a part inclined at an 
equal angle. These inclined parts were to repel the 
waves in such a manner as to prevent them from 
passing violently through the opening between the 
piers, and to shelter the Sound within, so as to permit 
fifty sail of line-of-battle ships to ride at anchor in 
safety, in all winds and weather, and with ample 
room to work their way out to sea, by one or other 
of the channels, as their position and state of the 
wind might render most convenient. 

These great works were to be constructed by large 
blocks of stone thrown at random into the sea, in the 
line of the intended breakwater, to find their own 
bed. Stones from a ton and a half to two tons in 
weight would probably resist the swell of the Sound, 
in stormy weather. Where the water is five fathoms 
deep, the base of the breakwater should not be less 
than seven times that depth, or seventy yards in 
breadth, and ten yards broad, at a height of ten feet 
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above the level at low water or ordinary spring tides. 
The slope of this foundation on the outer side, next 
to the sea, should be in the proportion of three yards 
horizontal for one yard perpendicular ; but the slope 
on the inside, next the Sound, would require an in- 
clination of only half that quantity, or one and a 
half yards horizontal for one yard perp-^.ndicular. To 
the project here described (and now completed) 
various objections were made, particularly by Mr. 
Bentham, who had executed some works at Sheer- 
ness, at the conflux of the Thames and the Medway, 
somewhat of the same nature, but in circumstances 
incomparably more easy to manage than in the open, 
stormy entrance at Plymouth Sound. He observed 
that such a work as that proposed by Messrs. Rennie 
and Whitby, even supposing sufficient precaution to 
have been taken to prevent any injury to the harbor 
during its execution, and that the wnole were com- 
pleted in its greatest perfection, would, nevertheless, 
by opposing throughout its extent a complete inter- 
ruption to the water, occasion such eddies in the 
wake of the work, and such an increased action on 
the bottom and sides of the parts left open, as could 
not fail of forming shoals, more or less injurious, 
according to the nature of the soil and other local 
circumstances. Mr. Bentham's plan was to sink in 
the sea, but in a line of direction different from that 
of the other engineers, a double row of cylindrical 
masses of stone work, leaving an interval between 
each two masses above equal to their diameter; 
placing the masses in one row opposite to, and cover- 
ing the intervals between, the masses in the other 
row. By this arrangement, while the two rows in 
conjunction formed a complete obstacle to the direct 
course of the waves, the tide or current would be 
allowed to pass freely between the masses, through- 
out the whole extent of the breakwater ; boats also, 
and even small vessels, might, in moderate weather, 
pass through the intervals without danger. Notwith- 
standing these objections and proposals, the scheme 
of Messrs. Rennie and Whitby, all circumstances 
duly balanced, was adopted by government, and or- 
dered to be carried into effect. On a plan much of 
the kind proposed by Mr. Benham, was begun in 
France, before the revolution, a project for forming 
an artificial roadstead, or place of anchorage for ships 
of war, in front of Cherbourg, on the north coast of 
Normandy. This place, situated in' the bottom of a 
wide, open bay, on a part of the coast projecting 
considerably into the British Channel, lies only about 
sixty miles south from the Isle of Wight, and, there- 
fore, offers a most advantageous position for watching 
the motions of British fleets moving up and down 
the channel, or proceeding from or into the gr«at 
place of rendezvous at Portsmouth or Spithead. 
Cherbourg possesses no natural qualifications for a 
shipping station, being merely a tide harbor formed 
by a small river falling into the sea* Basins have 



been excavated and locks constructed, in former 
times, by means of which frigates and smaller vessels 
could be conveniently protected ; all with uncommon 
ingenuity, and at a very moderate expense. It was 
not enough for an engineer in France to give proof 
of his genius and skill in his profession, in producing 
the best method of accomplishing any desired object ; 
his great merit consisted in inventing how to accom- 
plish that object in the most economical^ as well as 
the most inffenumSj manner. By giving this turn to 
the public mind, works of the highest importance to 
the state and to individuals were carried on, in that 
country, for sums which, in some other countries, 
would be regarded as utterly inadequate to the pur- 
pose. All persons charged with the execution of 
public works, even those we call civil engineers, em- 
ployed in the construction of harbors, bridges, canals, 
roads, &c., were military men, regularly bred, and 
under due but liberal control, enjoving rank and 
emolument sufficient for their station m society. An 
instance of a superior officer of the French corps of 
Royal Engineers suspected, accused, tried, and con- 
victed of recommending works which he well knew 
to be unnecessary, not to say prejudicial, that he 
might have an opportunity of enriching himself dur- 
ing their execution ; or of conniving at, not to say 
inventing, enormous abuses and extravagant expendi- 
ture, in the management of the public moneys, in 
order that he might be suffered, by the plunderers 
under him, quietly to amass his treasures ; that a field 
officer of engineers should be proved to have stooped 
so low as even to make false returns of the quantity 
of coals and candles necessary for his official busi- 
ness, — an instance of such degrading delinquency is 
unknown in the history of French military jurispru- 
dence. How far the same remark can be applied to 
another country, the constant rival, and often the en- 
emy, of France, the records of the courts which take 
cognizance of such offences against duty, honor, and 
even common honesty, will bear ample but humiliat- 
ing testimony. As Cherbourg possessed no outer 
harbor or road such as Portsmouth possesses at Spit- 
head, it became necessary to enclose a portion of the 
bay to answer that purpose. Piers or breakwaters 
of continued construction were thought of; but at 
last it was resolved to sink a long range of wooden 
truncated cones into the sea at certain distances 
asunder, which, being afterwards filled with massy 
blocks of stone, would form a succession of solia, 
immovable masses, sufficient to break the violence 
of the external waves, and render the space within 
incomparably more quiet and secure than it was 
in its natural state. The cones were strongly com- 
pacted of oak, narrower above than below, and re- 
sembling a deep tub standing on its base, without a 
bottom. By most ingenious contrivances, the cones 
were floatea out to their destined situations by means 
of empty casks, made air tight, which were afterwards 
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detached, and the frame allowed to sink to the bot- 
tom. The sides were of sufficient height to be 
always above water, and, when filled with stone, 
withstood the action of the tide and waves. 

This great enterprise, the only thing of the kind in 
the world, was naturally interrupted by the disorders 
of the revolution in France, but was afterwards re- 
sumed with great activity, so that, in future wars with 
France, Cherbourg may become a most troublesome 
neighbor to Britain. 

WOODEN BRIDGES. 

Besides stone, timber is, on many occasions, em- 
ployed to open a communication across a river ; and 
in some cases it has greatly the advantage, as when 
the current is particularly rapid ; for there the posts 
or piles supporting the road, presenting, either indi- 
vidually or collectively, but a small obstacle to the 
stream, often effectually resist its violence, when a 
stone pier, if it could easily be constructed in such a 
position, would not long keep its ground. Hence it 
18, that not only in England, but more particularly 
on the continent, stone bridges over great rivers are 
comparatively rare. Thus, on the Rhone, for in- 
stance, which, rising in the highest Alps of Switzer- 
land, makes its way to the sea through the southern 
parts of France, bridges of stone have often been 
constructed, and as often carried away by the stream, 
so that at this day, perhaps, not more than two re- 
main. The Rhone is, however, the most rapid river 
of its size in Europe. On the Rhine, which, rising 
not far from the source of the Rhone, takes an oppo- 
site course through Gtermany and Holland into the 
Oerman Ocean, and is so much less rapid as its 
course is longer, stone bridges are quite unknown. 
But this is owing not only to the CTeat body of water 
it carries along, but also to the policy of the different 
states along its banks, each unwilling that the oppo- 
site state should, by a standing l^idge of masonry, 
possess means of making hostile attempts across the 
river. At Strasburg, for instance, a large and pros- 
perous city of Alsace, in France, seated on the west 
bank of the Rhine, commanding by its fortifications 
a much frequented passage over the river into Ger- 
many, the bridge is formed by ranges of piles driven 
into the river to form the piers, supporting rafters and 
planks for the road, kept in their place by wooden bolts 
or treenails, so that, with a few strokes of a hammer or 
hatchet, the planks could be cast loose and removed, 
and all passage along the bridge effectually cut off. 
The Gterman end of the bridge was also guarded by 
works to prevent the French from penetrating by that 
communication. This is the bridge of Kehl, cele- 
brated in every history of hostilities between Prance 
and Grermany. 

Various are the methods employed in the construc- 
tion of wooden bridges, governed principally by the 



extent of water they are to cross. Even in the nar- 
rowest it is improper to trust to the resistance of 
beams reaching from bank to bank, for they ought to 
be trussed ; that is, to be supported by pieces of tim- 
ber reaching from each bank, near the water, obliquely 
towards the middle of the bridge. This contrivance 
wiU add greatly to its strength, and prevent its bend- 
ing under passing loads. 

One of the most important particulars to be con- 
sidered, in wooden bridges, is the seasoning of the 
timber. It is well known that the decay of fir timber 
is generally owing to the moist, sappy nature of its 
exterior surface. This moisture must be completely 
removed before any paint or priming be applied, in 
the view of securing it from the weather. If left in 
this natural state, this sap would, by the action of 
the wind and heat, be gradually carried off, and the 
fir beam become internally dry and solid ; but if the 
surface be covered with paint, oil, pitch, or other sub- 
stances of this kind, the sap is confined, and will soon 
corrupt the timber, which will give way before its 
time, and without any external symptom of decay. 
In order to dissipate the moisture or sap of the sur- 
face, it is sometimes the practice to scorch the tim- 
bers over a fire, turning it round regularly. The heat 
will attract the moisture to the surface and evaporate 
it, and the timber will acquire a hard crust, of great 
service in resisting the weather. When this is done, 
the parts that are to be under water should be care- 
fully covered with pitch and tar, sprinkled with sand 
and powdered shells. Those which are in sight 
should, while the wood is still hot from the fire, be 
rubbed over with linseed oil, mixed with a little tar, 
which will then strike deep into the wood, and soon 
become so hard as to be fit to paint. Fir timber, thus 
prepared, is found to be nearly equal to oak in dura- 
bility. At Schaff hausen, in the north part of Swit- 
zerland, was once to be seen a wooden bridge over 
the Rhine, there very rapid, so that no stone bridge 
could resist it — admirable in its construction, and be- 
ing the production of a plain country carpenter. The 
builder was directed to avail himself of a part of one 
of the piers of the stone bridge still remaining in its 
place, to support the intended structure. With this 
order he apparently complied, but so contrived mat- 
ters that, in the opinion of the best judges, his bridge 
actually consisted of but one immense arch, of near 
four hundred feet, (the breadth of the river,) having a 
part stooping down, as it were, to rest upon the pier 
in the water, but not, as far as could be discovered, 
actually resting on it. With very long fir beams, 
prepared for the purpose, extended at an angle of mod- 
erate elevation above the horizon from both sides of 
the river, and in conjunction with intermediate tim- 
bers, meeting over the water, two arches were formed, 
being segments of large circles, and resembUng the 
circular frame of the centring of a stone bridge. 
These arches were placed parallel to one another, 
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at a distance sxifficient for the breadth of the road, 
which was formed upon timbers suspended from the 
arches on each side, so as to be quite horizontal from 
end to end ; and, instead of going over the supporting 
arches, was, in fact, let down between them. The 
w^hole was roofed over, and enclosed at the sides, 
with windows at convenient distances to defend the 
timber from the weather. This most ingenious and 
most usefrd piece of carpentry, which had gained the 
applause of all men of genius and skill, completely 
answered its destination from 1740, when it was 
constructed, to 1799, when it was destroyed by the 
French. 

mON BKIDGES. 

Bridges of iron are the production of British inge- 
nuity exclusively. Iron being the great staple metal 
of the country, it has of late been employed in many 
works where great strength is required in proportion 
to the weight of the materials. Melted or cast iron 
possesses several advantages over stone or wood ; and 
these, in their turn, possess advantages over cast iron. 
To stone, iron is superior in tenacity and elasticity, 
and thence in strength, in facility of formation in any 
desired shape, and in extent of the masses in which 
it may be formed — qualities all conducing to its 
superior lightness and cheapness. To wood, iron is 
superior in the same particulars, together with dura- 
bility ; but in this last ' respect, stone has greatly the 
advantage over iron equally exposed to the weather 
or other natural agents. The greater durability of 
stone arises from its being less liable to decomposi- 
tion from the atmosphere, and from its being less 
elastic, and consequently less subject to friction among 
its component particles, in yielding to the load and 
motion of carriages passing over it Several ways 
may, however, be adopted to remedy, in a great de- 
gree, these defects of iron. Paint will prevent it from 
oxidation, or rusting, for many years, and the appli- 
cation may, when necessary, be repeated without 
much expense. Cast-iron cturriages of garrison guns 
have, by various external applications, been perfectly 
preserved for upwards of a century. The vibratory 
motion of an iron bridge may also be considerably 
diminished by the manner of placing and connecting 
the bars of which it consists, so that each bar shall 
act as nearly as possible at right angles against 
another, and be at the same time so short as not to 
be in danger of being bent or crushed by the pressure 
against its length. The greatest objection in this 
respect to cast iron is this — that, on account of the 
imperceptible differences in the purity and other qual- 
ities of the metal, it is impossible to cast two bars or 
blocks even in the same mould, which shall shrink 
perfectly and equally in cooling, and, consequently, be 
of precisely the same dimensions when employed in 
the work. When such pieces come to be joined to- 
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gether, therefore, some empty space must necessarily 
exist among them, which in a large work, where many 
pieces are employed, must produce a very sensible 
play in the joinings, and, consequently, great vibration 
or reciprocal motion in the whole structure. This 
inaccuracy of the joinings may, it is true, be in some 
measure corrected, by inserting pieces of sheet lead 
in the joinings ; but this metau possesses by far too 
little cohesion of parts, and too little elasticity, to be 
of use for any length of time. In order to prevent 
the evils arising from these defects of cast iron, it has 
been proposed to fill up the vacant spaces left be- 
tween the iron framing with some compact, cheap 
materials, such as brick united with the composition 
called Roman or Parke's cement, or Pozzolano, or 
terras, which would readily and intimately combine 
with the iron, thus defending it from the action of 
the atmosphere. The interstices between the bars 
being thus also filled up by a consolidated substance, 
the play, friction, and vibratory motion of the bridge 
would be greatly diminished. Lightness being, how- 
ever, a most desirable property, it has also been pro- 
posed to form hollow bricks solely for this purpose, 
which, being carefully and thoroughly baked, or even 
semi-vitrified on the surface, would be proof against 
the effects of the atmosphere. In many parts, bricks 
are still seen in remains of Roman buildings, fifteen 
or sixteen hundred years old in perfect preservation, 
while the stones, with which the bricks are built up 
in alternate layers, are often greatly decayed, unless 
when enveloped in the admirably-constituted mortar 
of those days. Iron may be used for bridges, either 
on the principle of equilibration, as stone is employed, 
or on that of connection by framing, as wood is some- 
times employed in bridges, but generally in roofing 
houses. For bridges of considemble dimensions the 
former is, by many judges, esteemed the best mode ; 
but for small bridges, the latter mode will probably 
be found the cheapest As iron bars, rods, or blocks 
may be firmly connected together by bolts, or other 
means, an iron arch may be constructed much flatter ; 
that is, in the segment of a much greater circle than 
if it were of stone — an advantage of very great im- 
portance in certain positions, where arches of great 
span are required. The first iron bridge of any note 
constructed in England was that of Colebrookdale, 
in Shropshire. It consists of five ribs, each of three 
concentric arches, bound together by pieces in the 
direction of radii of the circle. The interior arch 
forms a semicircle, but the others reach only to sills 
under the road way. These arcs pass through an up- 
right frame of iron at each end, serving as a guide ; 
and the small space in the haunches, between the 
frames and outer arc, is filled up with a large iron 
ring. On the ribs are laid cast-iron plates, to support 
the road. The span, or opening of the arch, is 100 
feet 6 inches, and the height from the base line to the 
centre is 40 feet. The road along the bridge is 24 
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feet broad, formed on a bed of day and iron slag, 
(the refuse from the furnace where iron ore is smelted,) 
a foot in depth. 

Another bridge of the same material was after- 
wards erected over the mouth of the River Were, form- 
ing the Harbor of Sunderland, a great coal port in the 
county of Durham. The peculiar construction of 
this bridge consisted in applying iron, or other metal- 
lic substance or compound, to form arches on the 
same principle with stone arches, by a subdivision 
into blocks easily portable, answering to the key- 
stones of a common arch, which, being made to bear 
on one another, will have all the firmness of a stone 
arch. At the same time, by the great open spaces 
left between the blocks and their respective lateral 
distances, the arch becomes materially lighter than 
if it were of solid stone, and, by the tenacity of the 
metal, the parts are so intimately connected that the 
delicate but indispensable calculation of the size and 
weight of the stones composing the arch becomes of 
but little importance. This bridge is in span 236 
feet, and as the stones from which the arch springs 
on each side project 2 feet, the whole opening is 240 
feet. The arch is a segment of a circle of 222 feet 
radius, and the height from the chord to the top of 
the arch is 34 feet ; but the whole height of the mid- 
dle of the arch above the surface of the river, at low 
water, is about 100 feet, so that ships can pass under 
it. A series of 105 blocks form one rib, and six of 
such ribs compose the width of the bridge. The va- 
cant spaces between the arch and the road are filled 
up by cast-iron circles, which touch the outer circum- 
ference of the arch, and also support the road, grad- 
ually diminishing from the abutments towards the 
centre of the bridge. Diagonal iron bars are laid on 
the top of the ribs, reaching to the abutments, to keep 
the ribs from twisting. The superstructure is a strong 
frame of timber, planked over to support the carriage 
road, composed of marble, limestone, and gravel, with 
a cement of tar and chalk laid on the planks in order 
to preserve them. The whole width of the bridge is 
32 feet. The abutments are masses almost of solid 
masonry, 24 feet in thickness, 42 in breadth at the 
bottom, and 37 at the top. The weight of the iron 
in the whole work is 260 tons, of which 214 are cast, 
and 42 wrought iron. The expense of the whole, 
forty years ago, was je27,000, or ^119,880. The 
Waterloo Bridge, over the Thames, will be illustrated 
by a plate for that purpose. 

BRIDGES IN BOSTON. 

Some of the most striking objects which attract 
the notice of strangers on visiting Boston, Massachu- 
setts, are the bridges which lead from its various 
points. Although we cannot boast of so grand su- 
perstructures as the ancient city of London, we, nev- 
ertheless, have a greater number of those convenient 



avenues. The Western Avenue is a splendid mill 
dam, built of solid materials. Warren Bridge was 
buUt in 1828. All these bridges are well lighted by 
lamps when the evenings are dark ; and the lights, 
placed at regular distances, have a splendid and 
romantic appearance. 

WESTERN ATENT7E. 

« 

This splendid work was projected by Mr. Uriah 
Getting, who, with others associated, received an act 
of incorporation, June, 1814, under the title of " The 
Boston and Roxbury Mill Corporation." It was com- 
menced in 1818, under Mr. Cotting's direction, but he 
did not live to witness its completion. His place was 
supplied by Colonel Loammi Baldwin, and the road 
was opened for passengers July 2, 1821. This Avenue, 
or Mill Dam, leads from Beacon Street, in Boston, to 
Sewall's Point, in Brookline, and is composed of solid 
materials, water-tight, with a gravelled surface, raised 
three or four feet above high-water mark. It is one 
mile and a half in length, and a part of the way 100 
feet in width. The water which is admitted is ren- 
dered subservient and manageable. Very extensive 
mill privileges are gained by the aid of a cross dam, 
running from the principal one to a point of land in 
Roxbury, which divides the reservoir or ftdl basin on 
the west from the running or empty basin on the 
east. There are five pairs of floodgates in the long 
dam, grooved in massy piers of hewn stone ; each 
pair moves from their opposite pivots towards the 
centre of the aperture on a horizontal platform of 
stone, until they close in an obtuse angle, on a pro- 
jected line cut on the platform, from the pivots in the 
piers to the centre of the space, with their angular 
points towards the open or unenclosed part of the 
bay, to shut against the flow of tide, and prevent the 
passage of water into the empty basin. In this man- 
ner, all the water is kept out from this basin, except 
what is necessary to pass from the full basin through 
the cross dam, to keep the mill works in operation. 
The reservoir is kept full by means of similar flood- 
gates opening into the fiill basin, (when the rising 
of the tide gets ascendency over the water in the 
reservoir,) and fills at every flow, and closes again on 
the receding of the tide. In this way, at every high 
tide, the reservoir is filled, and a continual supply of 
water is made to pass through the sluice ways in the 
cross dam, sufficient to keep in motion, at all times, 
at least one hundred mills or factories. At low- 
water, the floodgates of the receiving basin open and 
discharge the water received from the reservoir. 

WARREN BRIDGE. 

The construction of this bridge was commenced in 
June, 1828, and was completed in November follow- 
ing, under the superintendence of Joshua Burr, Esq., 
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of Charlestown, Massachasetts. It is one of the most 
perfect works of its kind in the Commonwealth. It is 
certainly not exceeded by any other in point of dura- 
bility and ease of travel It opens on the Charles- 
town side, about ten rods above (west) Charles River 
Bridge, and, running in a southerly direction, termi- 
nates on the westerly part of the Mill Pond Land, so 
called, in Boston, just east of the Middlesex Canal. 
It is the most direct, and the shortest, communication 
between Boston and Charlestown. 

The bridge is supported by 75 piers, placed at 
equal distances of 18 feet. It is 1390 feet in length, 
and 44 in width, allowing 30 feet for the carriage 
way, and 6^ on either side, handsomely railed, for 
foot passengers. The floor of the bridge is composed 
of hewn hemlock timber, about 14 inches deep, the 
apertures between which are well chinked with small 
pieces of stone, the whole covered with 6 inches of 
tempered clay. On this is spread 8 inches of coarse 
gravel, covered with 8 inches of macadamized stone. 
The sides of the carriage way are secured by edge 
stones, 12 inches deep and 9 thick. The floor tim- 
bers are placed lower than those of other bridges, in 
order that they may be occasionally wet by the high 
tides, which, it is thought, will tend to their preser- 
vation. That teams pass over this bridge with great 
ease is sufficiently demonstrated by the fact that a 
single yoke of oxen has been known to convey 16^ 
tons at one time, from the draw into Charlestown, 
without any unusual effort. 

The draw, in the centre of the bridge, is of suffi- 
cient width to admit vessels of three hundred tons. 
It has 'wharves on each side, built on piers which are 
planked from the capsUl to low-water mark, for the. 
more safe and easy passage of vessels. Its con- 
veniences, in this particular, are in strict agreement 
with the general excellence of the whole structure.* 



* This bridge was conndered, at the time it was btiilt, to be a 
Tery durable and scientifio structure ; but, in 1840, it was found to 
be in so decayed a state that immediate repairs were necessary to 
render it in any degree safe for trayel : a thorough examination was 
made, which resulted in a recommendation to remoye the day and 
stones referred to, and make such other alterations as the case might 
demand. 

In the Bay State Democrat of October 8, 1842, we find the fol- 
lowing description of the repairs made at that time : — 

•< Warren Bridge has recently been thoroughly repaired in all its 
parts. AU the old timbers have been removed, and new materials 
substituted. This work has been done under the direct superin- 
tendence of Ebenezer Barker, Esq., the agent of Warren Bridge, 
who has completed it in a manner highly creditable to himself^ and 
worthy of the magnitude of the enterprise. It is a fine specimen of 
mechimical skill, is somewhat novel in its style of execution, and 
may be looked upon as one of the greatest works of its kind in the 
coTintry. We have thought that some statistics in connection with 
this subject would not prove uninteresting to the general reader. 

*' Warren Bridge was incorporated March 12, 1828, and opened in 
the sabsequent December. It is now 1388 feet in length, of which 
1318 feet are covered by hexagonal blocks of white pine. Its 
whole width is 44 feet — the travel way being 30 feet, and the side 
walks occupying 7 feet each. To begm at the foundation of the 
work* and for the purpose of giving the public accurate information 



TOWN'S IMPROVKD BBIDGES. 

* A minute and accurate description of Town's im- 
provement in the construction of wooden and iron 
bridges is given in a succeeding part of this work. 
We commend the article to the learner, as being par- 
ticularly worthy of his serious and attentive consid- 
eration. 



WHITE'S TUBXTLAR SUSPENSION BRIDGE. 

[Patent Eight mcund.] 

Ammi White, Esq., of Boston, has a model of a 
bridge, which supersedes the necessity of piers in 
crossing our largest rivers. He assert that it can 
with safety be extended, even for railroad purposes, 
fifteen hundred feet The mode of its construction 
is as follows : — 

" First, erect the towers on good and firm abut- 
ments, or on a rocky bank ; then extend across the 
stream two or more sets of stringers, according to the 
number of road beds needed. The number of string- 
ers in each set will depend upon the amount of 
strength required in the bridge. Each stringer is 
made by selecting a tree of proper size, which is 
sawed square, and is tapered from the top to within 
about five feet of the base. This serves as a start- 
ing-point, on which are spliced good sound boards, 
six or seven inches in width, on a curve of forty feet 
in five hundred, tUl the required length and thickness 
is obtained, the whole terminating in a corresponding 
timber which forms the other extremity. In securing 
one board upon another, care is taken to fix keys of 
wood or iron into mortises made half into one board, 
and half into the other, to prevent the stringer from 
elongating, which, witii the additional bolts placed 
near the dowels, is as incapable of divulsion as the 



of its whole construction, we will say, first, that on the heads of the 
piles white pine caps, 14 inches square, are placed ; on these caps 
rest stringers 6 by 14 inches, of the same material, in a longitudinal 
direction, being on the outside 12 inches deep ; thus making in the 
centre a crown of two inches elevation. On these stringers, trans- 
yersely or at right angles, rest yellow N. G. pine ribbons, or laths, 
4 by 5 inches, and spiked to every other stringer by 8 inch spikes. 
Upon the end of these ribbons, and over the outside stringer of the 
road way, white pine edge timber, 10 by 6| inches, is laid so as to 
project 2 inches each way beyond the stringer beneath it. This tim- 
ber is bolted to the stringers once in every 4 feet, to secure more 
firmly the ends of the ribbons in their places ; and on the under side 
of these timbers, and about one inch from each edge, grooves of 
half an inch deep and wide are made. 

** On such a foundation as this, the white pine blocks — which, by 
the way, are of Maine pine, and have been aUuded to — are laid. A9 
a matter of experiment, blocks of 10 and 11 inches size are put 
down on the Boston side, and of 12 inch size on the Charlestown 
side. These blocks are all tongued and grooved, or matched, which 
serves to secure the whole firmly together, and to present an even 
and uniform surface. On the surface of these blocks is put a liquid 
preparation — first, a coat of turpentine mixed with oil, then a coat 
of tar and pitch poured on very hot. To this is added a coat of 
gravel, rolled in by a machine, so as to fill the interstices and pores 
of the blocks. The object of aU this care ia to preserve the F"fit^a] 
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tree itself. This suspension chain or stringer is ran 
across the stream by means of a wire cable and pul- 
leys, and when locked and keyed fast in the towers, 
with the two backstays, is allowed to take a catenary 
curve. After a suflicient number has been extended 
across, the suspension rods are bolted to them and to 
the girders, which are made slightly arching, and to 
the floor joist. The rafter is connected with the 
stringer and top of the suspension rod, to which is 
bolted the roof, constructed of double diagonal 
boarding. The floor, if a turnpike bridge, made of 
double diagonal planking, bolted together, is then 
laid, and, in the capacity of cross bracing, serves to 
render jfirm the whole structure. If a railroad bridge, 
the cross bracing is fitted under the floor joist, in con- 
nection with the girders. By loading either kind of 
bridge with double the weight it is required to sus- 
tain, the girders will be brought down to a level, and, 
while the weight is on, the sides are covered with a 
double-diagonal boarding, similar to that of the roof, 
both of which must be firmly attached to the towers 
and backstays to form a part of the strength of the 

of the bridge* to make it water-tight, and to preyent horses from 
slipping in travelling. 

" We would say here, that about 40 feet of the bridge, and in differ- 
ent sections of tiie same, are laid blocks of chestnut wood, from 
New Hampshire. 

** Under the sidewalks, the outside stringer is 12 inches wide, and 
the inside 6 by 12. On these are placed floor joists, 3 by 5 inches, 
covered by two inch plank. The railing is handsome and perma- 
nent ; and near the draw is a wooden covering, with a 25 feet roof^ 
for the convenience of pedestrians in inclement weather. The num- 
ber of lunps and liunp posts are 22. The form of the bridge is a 
regular ascending plain, rising frt)m the respective abutments to the 
draw, about 4 inches to every 100 feet." 

The structure remained in the form in which it was thus repaired 
until 1846, when it was found that the blocks with which the sur- 
face was covered had decayed so mUch that it was necessary to 
remove them, and it was at length decided to cover the southern 
pine timbers, before referred to, with common two inch pine planks, 
and these again in the same manner. This is the form in which the 
surface is now covered, and it is, without doubt, the best method 
which has been made use of since the bridge was first built. 

How long the blocks would have lasted imder an ordinary amount 
of travdt we are not prepared to state ; but it was found that the 
blocks at the outer edge of the bridge were in a tolerable state 
of preservation, while those in the centre were in a very decayed 
state. 

It may be well here to state, in order to give the reader some 
idea of the travel over this bridge, that from an account kept by 
order of "MTAmTiAi Tukey, on Saturday, October 6, 1851, from half 



bridge. The direct arches are formed by bolting to- 
gether planks on the right curve. One springs from 
the abutment, and connects with the stringer at the 
top of the suspension rod ; the other starts from the 
same point, and connects with the other girder, both 
connecting in their course with the suspension rods. 
The side guards, or braces, are formed by fitting a 
fender rave to the floor joist, which extends over the 
girder several feet, according to the length of the 
bridge. Short rafters connect with the fender rave 
and the suspension rod. These, together with the 
projecting floor joists, are covered with double diag- 
onal boarding. These braces prevent the bridge 
from vibrating. The backstays connected with the 
studs inserted in the sills of the towers extend back 
on shore the required distance, and are firmly at- 
tached to stone posts, deeply set in the ground at the 
extremity of the sills." 

[As regards the strength, economy, durability, 
and safety of this bridge, we feel warranted in 
saying it excels that of a great majority of bridges. 
— Editors.] 

past six, A. M., xmtil half past eeyen, P. M., as published in the Com- 
monwealth newspaper at the time, was 3158 yehicles, 6223 passen- 
gers in the same, and 6995 passengers on foot. In consideration of 
this immense amount of travel, and also that the principal part of 
the yehicles consist of heavily-laded trucks and large freight wag- 
ons, it is a matter of astonishment that the blocks lasted as long as 
they did ; for, as may be supposed, hollows and channels were soon 
formed in them, and the water standing in the same caused a con- 
stant decay. 

In reference to this kind of paving, we would state, for the benefit 
of our readers, that it has been thoroughly tested in the streets of 
Boston, in some cases using hemlock, and in some others spruce, 
but the same result as that with the pine on the bridge has followed ; 
and that now rough 'granite blocks, twelve inches square, are found 
to be the most serviceable as well as economicaL 

We ought perhaps to state in regard to the last repairs on Warren 
Bridge that, at the Boston end about the Fitchburg Depot, the 
timbers were lowered and covered with mud from the dodL for 
about two feet deep, and upon this, in the centre of the bridge, as 
far as the draw, is placed granite blocks, as above described, and 
that the sidewalks for the same distance are paved with bricks. 
This method seems to work well, as yet, and it hi\8 been so highly 
approved that a new bridge which is now being erected on a new 
road leading irom. the Mill Dam Ayenue to Brookline is constructed 
for the entire length in the same manner. 

To our respected friend, Ebenezer Barker, Esq., who is superin- 
tending the new bridge, we tender our acknowledgments for his 
gentlemanly and kind assistance in procuring the fjActs relatiye to 
uiis important structure — the Wanen Bridge. — Edxtobs. 
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CIVIL ARCHITECTURE. 



PEACTICAL GEOMETRY. 



Thb System of Geometry here introduced ib as conciBe and sim- 
ple as is compatible mth a proper nndeistanding of this interesting 
branch of mechanical science. 

Descriptive Geometry is employed to communicate a knowledge 
of different objects. - It fnmishes the means of constructing ge- 
ographical charts, plans of buildings and machines, architectural 
designs, sun dials, &c. It is used, likewise, to describe the forms 
and relatiye positions of objects. By it, stone cutters, carpenters, 
shipbuUders, &c., find the dimensions of the works which they ex- 
ecute, inasmuch as these dimensions admit of a rigorous definition. 

That a knowledge of Geometry is essential to the greater part of 
our practical mechanics, does not admit of & doubt ; yet they have 
too generally regarded the subject with a degree of indifference, as 
though the ends proposed to be accomplished by it could be as 
accurately, and much more easily, attained by other means. This 
erroneous notion, however, is fSut giving way to the force of truth 
and demonstration ; and perhaps more attention is paid t6 the sub- 
ject at the present time, by operative mechanics, than at any pre- 
vious period since the discovery of the science. Many attempts 
have been made to simplify the study, and to render the acquisition 
of it more easy to the learner. In many instances, these attempts 
have been partially successful ; but the student will bear in mind 
the memorable reply of Euclid — <* Then ia no royal roctd to goom' 
§iryJ* There is no turnpike, though there are some cross roads ; 
but we doubt not that he who travels the old road, which has been 
so often proved to be good, and over which so many have travelled 
before him, will be as well pleased with his journey when it is 
aocomplifihed as he who arrives at the end by a shorter route. It 
has been said, but we trust with more severity than truth, that the 
generality of mechanics are displeased at the sight of a geometrical 
theorem. If so, a very little attention to the subject will satisfy 
them that no study can be better calculated to awaken the dormant 
of the mind and ija force them into action. 



DEFINITIONS. 
Plate 1. 

1. Geometry is that science which treats of the 
descriptions and properties of magnitades in general. 

2. A pobA has neither parts nor magnitade, as A. 



3. A line is length, without breadth or thickness, 
as B. 

4. Superficies has length and breadth only. 

5. A solid is a figure of three dimensions, having 
length, breadth, and thickness. Hence, surfaces are 
the extremities of solids, and lines the extremities of 
surfaces, and points the eternities of lines. 

6. Lines are either right, curved, or mixed, as E. 

7. A right or straight line lies in the same direc- 
tion between its extremities, and is the shortest dis- 
tance between two points. 

8. A cwrve continually changes its directions be- 
tween its extreme points, as F. 

9. lAnes are either parallel, oblique, perpendiculaTi 
or tangential 

10. Parallel lines are always at the same distance, 
and will never meet, though ever so far produced, as 
CandD. 

11. Oblique right lines in the same plane change 
their distance, and would meet, if produced, as L 

12. One line is perpendicular to another when it 
inclines no more to one side than another, as H. 

13. One line is tangent to another when it touches 
it without cutting, when both are produced, as G. 

14. An a/ngle is the inclination of two lines to- 
wards one another, meeting in a point, as J. 

15. Angles are either right, acute, or oblique, as E. 

16. A right a/ngle is that which is made by one 
line perpendicular to another, or when the angles on 
each side are equal, as M. 

17. An acute a/ngle is less than a right angle, as 
N,2. 

18. An obtuse a/ngle is greater than a right angle, 
as N. 



88 



PRACTICAL GEOMETfiy. 



19. Superficies are either plaae or carved. 

20. Aplcme^ or plane surface^ is that to which a 
right line will every way coincide ; but if not, it is 
curved. 

21. Plane figwres are bounded either by right lines 
or curves. 

22. FUme figwres^ bounded by right lines, have 
names according to tiie number of their sides or 
angles, for they have as many sides as angles. The 
least number is three. 

23. An equilateral triangle is that whose three 
sides are equal, as O. 

24. An isosceles triangle has only two sides equal, 
as P. 

25. A scalene triangle has all its sides unequal, as 
Qor U. 

26. A right angled triangle has one right angle, as 
R. 

27. Other triangles are oblique angled, and are 
either obtuse or acute. 

28. An acute angled triangle has all its angles 
acute, as S or T. 

29. An obtuse angled triangle has one obtuse 
angle, as XT. 

30. A figure of four sides and angles is called a 
quadrangle, or quadrilateral, as V, W, X, Y, Z, &. 

31. A parallelogram is a quadrilateral, which has 
both pairs of its opposite sides parallel, as V, W, X, 
Y, and takes the following particular names : — 

32. A rectangle is a parallelogram, having all its 
angles right ones, as V and W. 

33. A square is an equilateral rectangle, having all 
its sides equal, and all its angles right ones, as W. 

34. A rhonUms is an equilateral parallelogram, 
whose angles are oblique, as X. 

35. A rhomboid is an oblique-angled parallelogram, 
as Y. 

36. A trapezium is a quadrilateral, which has 
neither pair of its sides parallel, as Z. 

37. A trapezoid has only one pair of its opposite 
sides parallel, as &. 

38. Plane figures having more than four sides are, 
in general, called polygons, and receive other partic- 
ular names, according to the number of their sides 
or an^es. 

39. A pentagon is a polygon of five sides. A hex- 
agon has six sides, a heptagon seven, an octagon 



eight, a nonagon nine, a decagon ten, an undecagon 
eleven, and a dodecagon twelve sides. 

40. A regular polygon has all its sides and angles 
equal ; and if they are not equal, the polygon is 
irregular. 

41. An equilateral triangle is also a regular figure 

of three sides, and a square is one of four — the 

former being called a trigon, and the latter a tetro" 

gon. 

Plate 9. 

42. A circle is a plane figure bounded by a curve 
line, called the circumference, which is every where 
equidistant from a certain point within, called its 
centre. 

43. The radium of a circle is a right line drawn 
from the centre to the circumference, a 6, at A. 

44. A diameter of a circle is a right line drawn 
through the centre, terminating on both sides of the 
circumference, as c d, at B. 

45. An arc of a* circle is any part of the circum- 
ference. 

46. A chord is a right line joining the extremities 
of an arc, as a 6, at C. 

47. A segment is any part of a circle bounded by 
an arc and its chord, as D. 

48. A semicircle is half the circle, or a segment 
cut off by the diameter, as E. 

49. A sector is any part of a circle bounded by an 
arc and two radii, drawn to its extremities, as F. 

50. A quadrant, or quarter of a circle, is a sector, 
having a quarter of the circumference for its arc, and 
the two radii are perpendicular to each other, as 6. 

51. The height or altitude of any figure is a per- 
pendicular let fall from an angle, or its vertex, to the 
opposite side, called the ba^e, as a 6, at H. 

52. When an angle is denoted by three letters, the 
middle one is the place of the angle, and the other 
two denote the sides containing that angle. Thus : 
let a 6 c be the angle at I, then b will be the angular 
point, and a b and b c will be the two sides contain- 
ing that angle. 

53. The measure of any right-lined angle is an 
arc of any circle contained between the two lines 
which form the angle, the angular point being in the 
centre, as K. Thus, if the arc b c dhe double of the 
arc b c, then the angle bad will be double that of 

\b ac. 
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PSOBLEMS. 



Plate S. 



PBOBLBH 1. 

To bisect a given line, A B. 

1. From the points A and B, as centres, with any 
distance greater than half A B, describe arcs catting 
each other in c and cL 

2. Dra\y the line c dy and the point E, where it cnts 
A B, will be the middle of the line required 

PBOBUSM n. 

From a given point, C, in a given right line, 
A B, to erect a perpendicular. 

Fig. 1. When the point is near the middle of the line. 

1. On each side of the point C take any two equal 
distanqes, C d and C e. 

2. From d and «, with any radius greater than C dj 
or C e^ describe two arcs cutting each other in /. 

3. Through the points/ C , draw the line/ C, and 
it will be the perpendicular required. 

Fig. 2. When the point is at^ or near, the end of the line. 

1. Take any point d above the line, and with the 
radius or distance, d C, describe the arc e Cf cutting 
A B in e and C. 

2. Through the centre d in the point >, draw the 
line e df cutting the arc e C/, in/. 

3. Through the points / C draw the line / C, and 
it will be the perpendicular required. 

FBOBLEM ni. 

From a given point, C, out of a given right line, 
A B, to let fall a perpendicular. 

1. From the point C, with any radius, describe the 
arc (2 6, cutting A B in ^ and d. 

2. From the points e d with the same, or any other 
radius, describe two arcs cutting each other in/. 

3. Through the points C / draw the line CD/, 
and C D will be the perpendicular required. 

PBOBLEM IV. 

At a given point, D, upon the right line, D E, to 
make an angle equal to a given angle, aB b. 

1. From the point B, with any radius, describe the 
arc a 6, cutting the legs B a, B 6, in the points a and b. 



2. Draw the line D e, and from the point D, with 
the same radius as before^ describe the arc eff catting 
DEine. 

3. Take the distance b a, and apply it to the arc 
ef from e to/. 

4. Through the points D/draw the line D/, and 
the angle e D/will be equal to the angle 6 B a, as 
was required. 

PROBLEM V. 

To divide a given angle, ABC, into two equal 

angles, 

1. From the point B^ with any radius, describe the 
arc A C. 

2. From A and C, with the same or any other ra- 
dius, describe arcs cutting each other in d. 

3. Draw the line B dj and it will bisect the angle 
A B C, as was required. 

PBOBLEM VI. 

To trisect or divide a right angle, ABC, into 

three equal angles. 

1. From the point B, with any radius B A, describe 
the arc A C, cutting the legs B A and B C, in A 
and C. 

2. From the point A and C, with the radius A B, 
or B C, cross the arc A C, in ^ and e. 

3. Through the points e d draw the lines B e, B ^ 
and they will trisect the angle, as was required. 

PBOBLBM VIL 

Through a given point, C, to draw a line par- 
allel to a given line, A B. 

1. Take any point e2, in A B, upon d and C, with 
the distance C d, describe two arcs, e C and d /, cut- 
ting the line A B, in e and d. 

2. Make rf/equal to e C; through C and /draw 
C/, which will be the line required. 

Fig. 2. When the parallel is to be at a given distance^ 

C D from A B. 

1. From any two points c and dy in the line A B, 
with a radius equal to C D, describe the arcs e and/. 

2. Draw the line C B, to touch those arcs without 
cutting them, and it will be parallel to A B, as was 
required. 
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PBOBLRM ym. 

To divide a given line, A B, into any proposed 

number of equal parts. 

1. From A, one end of the line, draw A (?, making 
any angle with A B ; and from B, the other end, 
draw B dj making the angle A B ^ equal to B A c. 

2. Li each of the Unes A c, and B d, beginning at 
A and B, set off as many equal parts, of any length, 
as A B is to be divided into. 

3. Join the points A 5, 1 4, 2 3, &c., and A B will 
be divided as was required. 

PBOBLElf IX. 

To find the centre of a given circle, or one al- 
ready described. 

1. Draw any chord A B, and bisect it with the 
perpendicular C D. 

2. Bisect C D with the diameter E /, and the inter- 
section O wiU be the centre required. 

PROBLEM X. 

To draw a tangent to a given circle, that shall 
pass through a given point, A. 

1. Prom the centre O, draw the radius O A. 

2. Through the point A draw D E perpendicular 
to O A, and it will be the tangent required. 

PROBLEM XI. 

To draw a tangent to a circle, or any segment 
of a circle, ABC, through a given point, B, 
without making use of the centre of the 
circle. 

1. Take any two equal divisions upon the circle ; 
from the given point B, towards d and e, draw the 
chord e B. 

2. Upon B, as a centre, with the distance B d^ de- 
scribe the Bicfdgj cutting the chord 6 B, in/. 

3. Make d g equal to df^ through g draw^ B, and 
it will be the tangent required. 

PROBLEM xn. 

A circle, ABC, being given, and a tangent, D 
H, to that circle, to find the point of contact. 

1. Take any point e, in the tangent D H; from e, 
to the centre of the circle G, draw e G. 



2. Bisect e G, in/, and with the radius/e, or/ G, 
describe the semicircle e C G, cutting the tangent 
and the circle in C ; it will be the point required. 

PROBLEM xin. 

Given three points, ABC, not in a straight 
line, to find a number of points lying between 
them, so that they shall all be in the circum- 
ference of a circle, vrithout drawing any part 
of the circle, or finding the centre. 

1. Prom A, through B and C, draw A B and A /. 

2. On A, as a centre, with any radius A/, describe 
an arc/c d, cutting A B in <2, and A C in/. 

3. Bisect arc rf/in e; through e draw A c A. 

4. Join C B, bisect it in g^ draw g h perpendicular, 
cutting A e A at A, then h will also be in the same 
circumference with A C B. In the same manner 
may a point be found between C h and A B. 

PROBLEM xrv. 

Given three points, ABC, not in a right line, 
to find another point without these points, so 
that the four points shall all be in the circum- 
ference of a circle, without drawing any part 
of the circle, or finding the centre. 

1. Draw A e and A C, from A, through B and C. 

2. On A, as a centre, with any radius A e, draw 
the arc efg^ cutting A B in ^, and A C in/ 

3. Make f g equal to / c, through A and g draw 
A g indefinitely towards d, 

4. Upon C, with the distance C B, cross the line 
Kg Bid; it will be the point required. 

If a fifth point, or any other number of points, are 
required, the process will be the same. 

Plate 8. 

PROBLEM XV. 

Given three points, ABC, not in a straight line, 
to draw a circle through them. 

1. Bisect the Unes A B and B C by the perpen- 
diculars, meeting at d, 

2. Upon (2, with the distance (2 A, ^ B, or ti? C, de- 
scribe A B C ; it will be the circle required. 
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FROBLRM XYI. 

To describe the segm^it of a circle to any 
length, A B, and breadth, C D. 

1. Bisect A B, by the perpendicnlar D gy catting 
ABin C. 

2. From c, make c D on the perpendicular equal 
to CD. 

3. Bisect A D, by a perpendicular ef^ cutting D g 
m g. 

4. Upon g*, the centre, describe A D B ; it wiU be 
the segment required. 

PROBLEM XYIL 

To describe the segment of a circle, by means 
of two rules, to any length, A B, and per- 
pendicular height, C D, in the middle of A 
B, without making use of the centre. 

It will be most convenient for practice to make the 
roles C £ and C F each equal to A B, as room is 
sometimes wanted. 

1. Place the roles to the height at C, bring the 
edges dose to A and B, tack them together at C, and 
fix a rod aoross to keep them tight 

2. Put in pins at A and B, then move your rules 
round these pins ; hold a pencil to the angular point 
at C; it will describe the segment required. 

Fio. 2. By mecms of a tricmgle. 

Let A B be the length of the segment, and C D 
the perpendicular height in the middle. 

1. Through the points D and B draw D B. 

2. Draw D E parallel to A B for conveniency ; 
make D E equal to D B, and join E B. 

3. Make a triangle E D B ; put in pins at the 
points A D B ; then move your triangle round the 
points D and B, and the angular point will describe 
half the segment ; the other half will be described in 
the same manner, which will complete the whole 
segment, as was required 

Fig. 3. Another method^ by mecms of points. 

Let A B be the length, and C D, bisecting A B, 
the perpendicular height. 

1. Through D, draw G H parallel to A B. 

2. Draw D B, the half chord. 

3. From B, make B H perpendicular to D B, cut- 
ting G H in H, and make D G equal to D H. 

6 



4. Draw A F and B E, each perpendicular to A B, 
cutting G H in F and K 
6. Divide D G, D H, C A, C B, and A F, B B, 

each into a like number of equal parts, as five. 

6. Draw the cross lines, 4 4, 3 3, 2 2, 1 1, &c. 

7. From the division on A F, and B E, dmw 
lines to D, cutting the other cross lines at d^ e, 
f «'j&c. 

8. Put pins in these points, bend a slip round them, 
and draw the curve by it, which will be the segment 
required 

Fig. 4. Another method^ by points nearly true^ when 

the segment is very flat. 

Let A B be the length, and C D, bisecting A B, 
the perpendicular height. 

1. Draw A E and B F, perpendicular to A B, each 
equal to C D. 

2. Divide C B and C A each into the same num« 
ber of equal parts, as five. 

3. From- the points 4, 3, 2, 1, &c., on A B, draw 
the perpendicular 4 4, 3 3, 2 2, 1 1, &c., to A B. 

4. Divide A E and B F into five equal parts 
each. 

5. Draw lines firom the points 1, 2, 3, 4, 5, at each 
end, to D, and complete the segment in the same 
manner as fig. 3. 

PBOBLRM xym. 

To describe a circle within a given triangle, so 
that ABC will be tangical. 

1. Take equal distances on C A, also on C B, 
firom C ; intersect towards D. 

2. Draw lines E D, from A and C, through the 
intersection E and D ; from E let fall a perpendicu- 
lar, which will be the radius of the circle required. 

PBOBLEM XIX. 

In a given square, A B C D, to inscribe a reg- 
ular octagon. 

1. Draw the diagonals A C and B D, intersect- 
ing at e. 

2. Upon the points A B C D, as centres, with a 
radius e C, describe arcs h e l^ke n^m eg^fe i. 

3. Joiafnymhykijlg; it will be the octagon re- 
quired 
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PROBLEM XX. 

In a given circle to inscribe an equilateral tri- 
angle, a hexagon, or a dodecagon. 

For the Equilateral Triaohgle. 

1. Upon any point A, in the circumference, with 
the radius A G, descrihe the arc B G F. 

2. Draw B F, make B D equal to B F. 

3. Join D F, and B D F will be the equilateral 
triangle required. 

For the Hexagon. 

Carry the radius A G six times round the circum- 
ference ; the figure A B C D E F will be the hexagon. 

For the Dodecagon. 

Bisect the arc A B in A, and A h being carried 
twelve times round the circumference, will also form 
the dodecagon. 

PBOBLEM XXL 

In a given circle to inscribe a square or an 

octagon. 

1. Draw the diameters A C and B D at right 
angles. 

2. Join A B, B C, C D, D A, and A B C D will 
be the square. 

For the Octagon. 

Bisect the arc A B in E, and A E being carried 
eight times round, will also form the octagon. 

PBOBLEM XXU. 

In a given circle to inscribe a pentagon or a 

decagon. 

For a Pentagon. 

1. Draw the diameters A C and B D at right 
angles. 

2. Bisect B C in /, upon /; with the distance/ D 
describe the arc D g upon D ; with the distance D g 
describe the arc g H, cutting the circle in H. 

3. Join D H, and carry it round the circle five times, 
which will form the pentagon. 

For the Decagon. 

Bisect the arc D H in i, and D { being carried ten 
times round, will also form the decagon. 



PBOBLEM xxin. 

In a given circle to inscribe any regular 

polygon. 

1. Draw the diameter A B, from E the centre ; erect 
the perpendicular E F C, cutting the circle at F. 

2. Divide E F into four equal parts, and set three 
parts from F to C. 

3. Divide the diameter A B into as many equal 
parts as the polygon is required to have sides. 

4. From C, through the second division in the di- 
ameter, draw C D. 

5. Join A D ; it wUl be the side of the polygon 
required. 

PBOBLEM XXIV. 

Upon a given line, A B, to describe an equilat^ 

eral triangle. 

1. Upon the points A and B, with a radius equal 
to A B, describe arcs cutting each other at C. 

2. Draw A C and B C; it will be the triangle 
required. 

PBOBLEM XXV. 

Upon a given line, A B, to describe a square. 

1. Upon A and B, as centres, with a radius A B, 
describe two arcs, A c C, B e D, cutting each other 
at e. 

2. Bisect A e at/; from e make e D and e C equal 
to ef. 

3. Join AD, D C, C B, and it will be the square 
required. 

PBOBLEM XXVL 

Upon a given line, A B, to construct any regular 

polygon. 

1. Upon A and B) as centres, with a radius A B, 
describe two arcs intersecting each other at F. 

2. From B, draw B C perpendicular, and divide 
the arc A C into as many equal parts as the polygon 
is to have sides. 

3. Through the second division D draw B 6, make 
F E equal to F D, and through E draw A G, meet- 
ing B G at G ; then G will be the centre, and G A 
the radius of a circle, that will contain A B to any 
number of sides required. 

PBOBLEM XXVII. 

To make a triangle, whose three sides shall be 
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equal to three given lines, D, E, F, if any 
two are greater than the third. 

1. Dra^^ A B eqnal to the line D. 

2. Upon B, with the length of E, describe an arc 
ate. 

3. Upon B, with the length F, describe another arc, 
intersecting the former at C. 

4. Draw A G and C B, and A B C will be the tri- 
angle required. 

Plate 4. 

PBOBLEM XXYin. 

To make a trapezium equal and similar to a 
given trapezium, A B C D. 

1. Divide the given trapezium A B C D into two 
tnangles, by a diagonal, A C. 

2. Make E F equal to A B upon E F, construct 
the. triangle E F, whose three sides will be respec- 
tively equal to the triangle ABC. 

3. Upon E G, which is equal to A C, construct 
the triangle E 6 H, whose two sides, E H and G H, 
are respectively equal to A D and C D, then E F 
G H wiU be the trapezium required. 

hi the same manner may any irregular polygon be 
made equal and similar to a given irregular polygon, 
by dividing the given polygon into triangles, and con- 
stracting the triangles in the same manner in the re- 
quired polygon, as is shown by .figures. 

PBOBLEM XXIX. 

To make a triangle equal to a given trapezium, 

A B C D. 

1. Draw the diagonal B D, make C E parallel to 
to it, meeting the side A B, produced in E. 

2. Join D E, and A D E will be the triangle. 

PBOBLEM XXX. 

To make a triangle equal to a given right-Uned 

figure, A B C D K 

1. Produce the side A B both ways at pleasure. 

2. Draw the diagonals A D and B D, and make 
E F and G H parallel to them. 

3. Join D F, D G, then D F G wiU be the triangle 
required. 

Much after the same manner may any other right- 
lined figure be reduced to a triangle. 



PBOBLEM XXXI. 

To reduce a triangle, A B C, to a rectangle. 

1. Bisect the altitude C G, in D ; through D draw 
E F parallel to A B. 

2. From B draw B F perpendicular to A B, through 
A draw A E parallel to B F, then A B F E will be 
the rectangle required. 

PBOBLEM XXXn. 

To make a rectangle, having a side equal to a 
given line, A B, and equal to a given rectan- 
gle, C D E F. 

1. Produce the sides of the rectangle C F, D E, 
F E, and C D. 

2. Make E G equal to A B, through G draw L H 
parallel to F E, cutting C F produced at L. 

3. Draw the diagonal L E, and produce it till it 
cut C D at K. 

4. Draw E H paraUel to E G, then will E I H G 
be the rectangle required 

PBOBLEM XXXIU. 

To make a square equal to a given rectangle, 

ABCD. 

1. Produce the side A B, make B E equal to B C. 

2. Bisect A E, in I ; on I, as the centre, with the 
radius I E or I A, describe the semicircle A H E. 

3. Produce the side of C B to cut the circle in H; 
on B H describe the square B H G F ; it will be the 
square required. 

PBOBLEM XXXIV. 

To make a square equal to two given squares, 

A and B. 

1. Make D E equal to the side of the square A, 
and D F perpendicular to D E, equal to the side of 
the square B. 

2. Draw the hypothenuse F E ; on it describe the 
square E F G H ; it wiQ be the square required. 

PBOBLEM XXXV. 

To make a square equal to three given squares, 

ABC. 

1. Make D E equal to the side of the square A, 
and D F perpendicular to D E, equal to the side of 
the square B. 

2. Join F E ; draw F G perpendicular to it 
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3. Make F O eqaal to the side of the sqaare C ; 
join G E» then G E will be the side of the square 
zeqnired 

PBOBLEM XXXYI. 

Two right lines, A B, and C D, being given, to 
find a third proportional 

1. Make an angle H E I at pleasure, from E, make 
E F equal to A B, and E G equal to C B ; join F G. 

2. Make E H equal to E 6, and draw H I parallel 
to E 6, then E I will be the third proportional re- 
quired, that is, EF:EG::E H:E I,orAB: 
CD::CD:EL 

PROBLBM XXXYII. 

Three right lines, A B, C D, E F, being given, 
to find a fourth proportional 

1. Make the angle, H G I, at pleasure ; from G 
make G H equal to A B ; G I equal to C D ; and 
join H L 

2. Make G E equal to E F, draw K L through E 
parallel to H I, then G L will be the fourth propor- 
tional required ; that is, G H : G I : : G E : G L, or 
AB;CD::EF:GLi. 

PBOBLEM XXXVm. 

To divide a given Une, A B, in the same propor- 
tion as another, C D, is divided. 

1. Make any angle E H I, and make H I equal 
to A B ; then apply the several divisions of C D from 
H to E, and join E L 

2. Draw the lines h e, t /, k ^,. parallel to I E, and 
the line H I will be divided in A, t, A;, as was required. 

PBOBLEM XXXIX. 

Between two given right lines, A B, and C D, 
to find a mean proportional 

1. Draw the right line E G, in which make E F 
equal to A B, and F G equal to C D. 



2. Bisect E G in H, and with H E or H G de- 
the semicircle E I G. 

3. From F draw F I perpendicular to E G, cutting 
the circle in I, and I F wiU be the mean proportional 
required. 

PBOBLEM XL. 

To find a Une nearly equal to the circumference 

of its circle, A B C D. 

1. Draw the diameters A B and C D at right 
angles. 

2. Produce A B, till the part A G without be three 
quarters of the radius. 

3. Draw E F through B, parallel to C D, through 
G, and the points C and D ; draw G E and G F, cut- 
ting the tangent in E and F ; then E and F will be 
equal to half the circumference. 

Much after the same manner may a straight line 
be found equal to any part of a circle, as is shown at 
Fio. 2, but the following method is much better for 
small arcs, as it requires less room : — 

Remark. — If any number of divisions E I, I E^ 
E L, L B, are taken on E F, and from the points I, 
E, If, lines are drawn to G, to cut the circumference 
hkj Ij the divisions on the circle, viz., C i, t ft. A: /, /B, 
wiU be respectively equal to their corresponding 
divisions, E I, I E, EL, L B, on the tangent line 
E F ; that is, to k t, and I E equal to i C. 

PBOBLEM XLL 

To find the length of any arc, A C B, of a 

circle. 

1. Draw the chord A B indefinitely towards E, and 
bisect the arc A C B at C. 

2. Make A D equal to twice the half chord 
A C ; divide B D into three equal parts, and set one 
towards E ; then will A E be the length of the arc 
Une A C B. 
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CONIC SECTIONS. 



OF THE ELLIPSIS. 

DEFINITIONS. 
Plate ft. 

1. K two pins are fixed at the points E and F, 
a string being put about them, and the ends tied 
together at C, the point C being moved round, keep- 
ing the string stretched, it will describe a curve 
called an Ellipsis. 

2. Foci are the two points E and F, about which 
the string is made to revolve. 

3. Traiisverse axis is the line A B, passing through 
the foci, and terminated by the curve at A and B. 

4. Centre is the point Q, bisecting the transverse 
axis A B. 

5. Qmjtig'ate aais is the line C D bisecting the 
transverse axis at right angles, and terminated by 
the curve. 

6. Lotus rectum is a right line passing through the 
focus F, at right angles to the transverse axis, ter- 
minated by the curve. This is also called the Pa- 
rameter. 

7. Diameter is any line passing through the centre 
G, terminated by the curve. 

8. Conjugate diameter is a right line drawn through 
the centre, parallel to a tangent at the extreme of the 
other diameter, and terminated by the curve. 

9. Double ordinate is a line drawn through any 
diameter, parallel to a tangent at the extreme of that 
diameter, terminated by the curve. 

PROBLEMS. 

PBOBLBM I. 

The transverse and conjugate axes, A B, and 
CD, of an ellipsis being given, to find the 
two fod, from thence to describe an elUpsis. 

1. Take the semitransverse A E, or E B, and 
from C, as a centre, describe an arc, cutting A B at 
F and G, which are the foci. 

2. Fix pins in these points, a string being stretehed 
about the points F C G ; then move the point C 
round the fixed points F and G, keeping the string 



tight It wUl describe the ellipsis as in the fiirst 
definition. 

PEOBLEM n. 

The same being given, as in the last problem, to 
describe an ellipsis, by an instrument called a 
trammel. 

The trammel, as used by artificers, is two rules, 
with a groove in each, fixed together so that the 
grooves will be at right angles to each other. To 
this there is a rod with two movable nuts, and 
another fixed at the end, with a hole through it, 
to hold a penciL On the under side of the sliding 
nuts are two round pins, made to fill the groove of 
the trammel, and are used as follows :— • 

Operation. -«- Set the distance of the first pin at B, 
firom the pencil at A, to half the shortest axis, and 
the distance of the second pin at C, from A, to half 
the longest axis, the pins being put in the grooves, 
as is shown by the figure ; then move the pencil at 
A. It wiU describe the ellipsis required. 

PBOBLEM ni. 

A diameter, A B, and a double ordinate, C D, 
to that diameter, being given, to find the 
parameter. 

1. Join A C, A D, and B C, B D ; bisect A B in 
H, through H draw H I parallel to D C, cutting 
BCmL 

2, From A, make A F equal to H I ; through F 
draw G H parallel to C D, cutting A C in G, and 
A D in H ; then G H is the parameter sought 

PBOBLEM ly. 

To describe an ellipsis by finding points in the 
curve, having the two conjugate diameters, 
A B and C D, given. 

1. Find F G half the parameter ; through G draw 
H H parallel to A B. 

2. Draw E H parallel to C D, cutting H H at L 

3. Set off any number of equal divisions firom H 
towards G. Set the same parts firom E towards C. 
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4. From the point B, through the points 1, 2, 3, in 
E C, draw the lines B i, B A;, B ^ 

5, Prom A, through the points in H O, draw the 
lines A t, A ft, A /, intersecting the former lines in 
i, ft, t They will be in the periphery of the ellipsis. 

PROBLEM V. 

Having a diameter, and a double ordinate to 
that diameter, to describe the ellipsis, by 
finding points in the curve. 

This problem will be completed in the same man- 
ner as Problem IV., and as is plainly shown by the 
figures 2 and 3. 

Plate 6. 

PROBLEM VI. 

To describe an ellipsis, or any segment of an 
ellipsis, having a diameter and a double ordi- 
nate, by means of points being found in the 
curve, without finding the parameter. 

liet A B be the diameter or double ordinate, let 
C D be its conjugate, and let E D be the height of 
the segment 

1. Through D draw F Q parallel to A B ; also, 
through the points A and B draw A F and B G, 
parallel to D E, cutting F G in F and G. 

2. Divide A E and E B into a like number of 
equal parts, as four ; likewise B G and A F into the 
same number of equal parts. 

3. From the point D, through the points 1, 2, 3, in 
A F and B G, draw 1 D, 2 D, 3 D. 

4. From the point C, through the points 1, 2, 3, in 
A B, draw C a, C 6, C c / cutting the lines 1 D, 2 D, 
3 D, in a, 6, c, they will be in the periphery of the 
ellipsis; a curve beiag traced through these points 
will form the ellipsis required. 

But if the curve is very large, as in practical 
works, the best way is to put in nails or pins at the 
points a, 6, c, &c., bend a slip round them, and draw 
a curve by it ; it will appear quite regular. 

PROBLEM VIL 

To draw the representation of an ellipsis, with 
a compass, to any length, A B, and width, 
C D. 

1. Draw B P parallel and equal to E C, and bisect 
it at 1, then draw 1 C and P D, cutting each other 



at E ; bisect E C by a perpendicular, meeting C D 
at O ; and on O, with the radius O C, describe the 
quadrant C G Q. 

Through Q and A draw Q G, cutting the quad- 
rant at G ; then draw G O, cutting A B at M ; make 
E L equal to E M ; also E N equal to E O. From 
O, through M and L, draw O G and O E ; likewise 
fi'om N, through M and L, draw N H and N I ; then 
M, L, N, O, are the four centres ; by help of these, 
the four opposite sectors will be described. 

Fio. 2. To describe an ellipsis more accuratelp with 
a compass than the foregoing^ having the two axes 
A B amd C D giverh, 

1. Draw A 3 parallel and equal to E C, divide it 
into three equal parts, and draw 2 C and 1 C ; then 
divide A E also into three equal parts, and from D, 
through the points 1, 2, in A E, draw D Q and D P, 
cutting the lines 1 C and 2 C, in Q and P. 

2. Bisect C P by a perpendicular, meeting C D 
produced at S ; join P S, cutting A E at X ; then 
make E W equal to E X, and E U equal to E S; 
and through X and W draw P S and O S ; also 
through the same points, X and W, draw U E and 
UL. 

3. Bisect P Q by a perpendicular, meeting P S at 
F ; draw Z F parallel to A B ; then with the radius 
F Q describe the arc Q Z, cutting F Z at Z ; through 
Z and A draw Z y^ cutting the arc Z Q at ^; and 
join y F, cutting A B at V. On X, make X I equal 
to X F; with the same radius on W make W H 
and W G ; through V draw I R, make E T equal 
to E V, through T draw H M and G N ; then U, S, 
G, H, I, F, T, V are the centres. 

PROBLEM VIII. 

Having the two axes, or any other conjugate 
diameters, A B and C D, given, to describe 
an ellipsis through points, at the extremes of 
any diameters taken at pleasure. 

1. Through D draw P Q, parallel to A B from D ; 
draw P F perpendicular to P Q, and make it equal 
to E B, or E A ; upon F, with the distance F D, de- 
scribe the circle nD k, 

2. Through the centre E draw the line PEN, 
^ E M, 5 E L, &c., at pleasure, cutting the tangent 
P Q at P, t, s, &c. Join P F, ^ F, 5 F, &c., cutting 
the circle n D A;, at the points m n /, &x;. ; likewise 
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join E F, if necessary, and draw n N, m M, Z L, &c., 
parallel to it, cutting the diameters N N, M M, L L, 
&C., at N M L, &C. ; then these points will be in the 
periphery of the ellipsis. If the diameters are pro- 
daced to the opposite sides, at N M L, and the dis- 
tances E N, E M, E L, &c., are made respectively to 
their corresponding opposite distances, E N, E M, 
and E L, &c., then the points N M L, on the under 
side of the diameter A B, will also be in the curve. 

PBOBLEM IX. 

To draw an ellipsis by ordinates, having the 
axes, or any other conjugate diameters, A B, 
and C D, given. 

1. From E, the centre, draw E F perpendicular to 
C D. Upon E, with the radius E C, describe the 
quadrant C F ; divide E F into any number of equal 
parts, as four ; from these points draw 1 a, 2 6, 3 c, 
parallel to E C, cutting the quadrant at a, 6, and c. 

2. Divide E A and E B each in the same number 
of equal parts ; through the points 1, 2, 3, &;c, draw 
aa^b b, c c, ice., parallel to C D. 

3. Make the distances 1 a, 2 &, 3 c, &c., equal to 
their corresponding distances, 1 a, 2 &, on the quad- 
lant ; then the points a, b, c, &c., will be all in the 
periphery of the eUipsis. 

PBOBLEM X. 

An ellipsis, A B C D, being given, to find the 
transverse and conjugate axes. 

1. Draw any two parallel lines A B, and C D, cut- 
ting the ellipsis at the points A, B, C, D ; bisect them 
in e and/. 

2. Through e and /draw G H, cutting the ellipsis 
at G and H ; bisect G H at I; it will give the centre. 

3. Upon I, with any radius, describe a circle, cut- 
ting the eUipsis in the four points, k, Z, m, n, 

4. Join k /, and m n; bisect k I, or m w, at o or p. 

5. Through the points o I, or I p, draw Q R, cut- 
^ ting the ellipsis at Q and R ; then Q R will be the 

transverse axis. 

6. Through I, draw T S parallel to k Z, cutting the 

ellipsis at T and S, and T S will be the conjugate 

axis. 

Plate y. 

PROBLEM XI. 

Any diameter, A B, being given> and an ordi- 



nate, C D, to find its conjugate, without draw- 
ing any part of the ellipsis. 

1. Draw C I perpendicular to A B ; bisect A B in 
F, and draw F H parallel to C D. 

2. On F, with the distance F A, or F B, describe 
the semicircle A I B, cutting C I at L 

3. Make A E equal to C I; draw E G parallel and 
equal to C D ; through G and A draw A H, cutting 
F H at H ; then F H is the semi-conjugate. 

Much after the same manner, if two conjugate 
diameters are given, an ordinate may be found with- 
out drawing any part of the ellipsis. 

PitOBLEM XII. 

Any two conjugate diameters, A B and C D, 
being given, and a right line, G H, passing 
through the centre, F, to find a diameter 
which will be conjugate to G H, without 
drawing any part of the ellipsis. 

1. Through D draw E E parallel to A B, and pro- 
duce the given line H G to cut the tangent in E. 

2. From D, make D I perpendicular to E F, and 
equal to F A, or F B. 

3. Join E I; from I, draw I E perpendicular to 
I E, cutting the tangent E E at E ; through the centre 
FdrawFE. 

4. Through the points g and m, where the lines 
E I and I E cut the drcle, draw g G and m M par- 
allel to I F, cutting E F, and E F, at the points 
G and M ; make F H equal to F G, and F L equal to 
F M ; then M L and G H will be the two other 
conjugate diameters. 

PROBLEM xm. 

Any two conjugate diameters, A B and C D, 
being given, to find the two axes, from thence 
to describe the ellipsis. 

1. Through D draw E F, parallel to A B ; draw 
D I perpendicular to E F, and equal to M A, or M B. 

2. Upon I, with the radius I D, describe the arc^ 
g-DZ. 

3. Join I M, and bisect it by a perpendicular, meet- 
ing the tangent E F at N. 

4. On N, as a centre, with the distance N I, de- 
scribe a semicircle E I F, cutting E F at the points 
EandF. 
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5. Through the centre M draw F E and E H. 

6. Join I E and I F, catting the arc g* D / at 
g and L 

7. Draw I L and g Qt parallel to I M, catting E F 
and H E at G and L. Make M E eqnal to M L, 
and M H equal to M G ; then E H and E L will be 
the two axes required. 

PROBLEM XIV. 

An ellipsis being given, to draw a tangent 
through a given^ point H, in the curve. 

1. Find the foci F and G; join F H and G H. 

2. Produce C G H to I upon H, with any radius ; 
describe the arc ELI, cutting G I and F H at 
E and L 

3. Bisect the arc E L I at L ; through L and H 
draw L H ; it will be the tangent required. 

PROBLEM XV. 

To draw two tangents to an ellipsis from a 
given point, E, without it having any two 
conjugate diameters, A B and C D, given, 
without drawing any part of the ellipsis. 

1. Let the point E be in the diameter D C, pro- 
duced. 

2. From the centre H make H I equal to H C, 
and join I E. 

3. Through C draw C E parallel to I E, cutting 
HAinE. 

4 Make H L equal to H E ; through L draw F G 
parallel to A B ; find the extreme points F and G of 
the ordinate F G by Problem XI. Prom E, through 
the points F and G, draw E F and E G. They 
will be the tangents required. 

If the point E is in neither of the given diameters 
A B or C D, when produced, draw a line firom the 
given point E, through the centre ; by Problem XIL, 
find a conjugate to that line, and the extremities of 
both ; then the construction will be the same as in 
this. 

PROBLEM XVI. 

To describe an ellipsis similar to a given one, 
A D B C, to any given length, I K, or to 
a given width, M L. 

1. Let A B and C D be the two axes of the given 
ellipsis. 



2. Through the points of contact, A, D, B, Cy 
complete the rectangle G E H F; draw the diag- 
onals E F and G H. They will pasa through the 
centre at R. 

3. Through I and E draw P N and O Q parallel 
to C D, cutting the diagonals E F and G H at P, 
N, Q, O. 

4. Join P O and N Q, cutting C D at L and M ; 
then I E is the transverse, M L the conjugate axis 
of an ellipsis that will be similar to the given one, 
A D B C, which may be described by some of the 
foregoing methods. 

Plate 8. 

PBOBLBM XVII. 

Given the rectangle A B C D, to circumscribe 
an ellipsis which shall have its two axes in 
the same ratio as the sides of the rectangle. 

1. Draw the diagonals A C and B D, cutting each 
other at S, the centre. 

2. Through S draw E F and G H parallel to A B 
and A D. 

3. Upon S, with a radius, S I, equal to half A D or 
B C, describe the quadrant I E L cutting E F at L. 

4. Bisect the arc I E L at E ; through E draw 
M N parallel to E F, cutting the diagonal B D at N. 

5. Join I N ; through B draw B G parallel to it, 
cutting G H at G, and make S H equal to S G. 

6. Join N O ; through B draw B F parallel to it, 
cutting E F at F ; make S E equal to S F ; then 
E F and G H are the two axes which may be de* 
scribed by some of the methods which are shown in 
the foregoing problems. 

PROBLEM XVm. 

Given the trapezium, A B C D, and a point E, 
in one of the sides, to find a point in each of 
the other sides, so that, if an ellipsis was to 
be inscribed, it would touch the trapezium in 
these points. 

1. Produce the sides of the trapezium till they 
meet at E and L. 

2. Draw the diagonals A C and B D, cutting each 
other at F ; produce B D till it cut E L at M. 

3. Through F, and the given point E, draw E G, 
cutting B C at G. 
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4. From M, through the points E and O, draw 
M H and M G, cntting the other two sides in the 
points I and H, then E, H, G, I, will be the four 
points required. 

PROBLEM XIX. 

A trapezium, A B C D, being given, and a point 
E, in one of the sides, to find the centre of 
an ellipsis that may be described in the trape- 
zium, and pass through the point of contact 
E, without drawing any part of the ellipsis. 

1. Find the points of contact H, G, I, E, as in the 
last problem. 

2. Join the points G and E by the right line G E, 
bisect it in M, and firom K, where the opposite sides 
A D and B C meet, and through the point M, draw 
K M indefinitely. 

3. Also join any other two points of contact, as 
H I ; bisect H I at N, from L, where the opposite 
sided B A and C D meet ; draw L N, meeting E M 
at P ; then P will be the centre of the ellipsis re- 
quired. 

And, in like manner, if the points G and H were 
joined and bisected at Q, and a line being drawn 
from B where the opposite sides A B and C D meet 
through Q, it would also meet in P, the centre, &c. 

PROBLEM XX. 

Given a trapeziimi, A B C D, and a point E, in 
one of the sides, to find the two axes of an 
ellipsis that may be inscribed in the trape- 
zium, and pass through the point E without 
drawing any part of the ellipsis. 

1. Find the opposite points of contact, H, E, F, G, 
by Problem XVIIL 

2. From thence, find the centre, P, by the last prob- 
lem. 

3. From E, and through the centre, P, draw E M, 
making P M equal to P E. 

4. Through H, or any other point of contact, draw 
H K parallel to D C, cutting E M at K ; then K H 
is an ordinate to the diameter E M. 

5. Through P, the centre, draw P R parallel to 
H E. 

6. Find the extremities R and S, of the diameter 
R 8, by Problem XL 



7. The conjugate diameters E M and R S, being 
now found, then find the two axes, V W and X Y, 
by Problem XTTT. 

PBOBLBM XXI. 

To find the centre and transverse axis of an 
ellipsis by means of a square and rule. 

1. Apply the square A B, Problem XXL 

3. Place the ellipsis tangical to A B, at pleasure. 

3. Draw lines C D, touching the opposite sides of 
the ellipsis. 

4. Draw lines E F, intersecting the ellipsis ; and 
C is the centre, and E F the transverse axis required. 
Also, E F is equal, added together, in whatever 
direction the ellipsis may be applied to the square 
and rule. 



OF THE PARABOLA. 

DEFINITIONS. 
Plate 9. 

1. K a thread, eqUal in length to B C be fixed at C, 
the end of a square, ABC, and the other end fixed 
at F ; and if the side A B, of the square, be moved 
along the right line, A D; and if the point E be 
always kept close to the edge B C, of the square, 
keeping the string tight, the point or pin E will de- 
scribe a curve E G I H, called eiparabola. 

2. Focus is the fixed point F, about which the 
string revolves. 

3. Directrix is the line A D, which the side of the 
square moves along. 

4. Axis is the line L E, drawn through the focus 
F, perpendicular to the directrix. 

6. Vertex is the point I, where the line L K cuts 
the curve. 

6. Lotus rectum^ or parameter^ is the line G H, 
passing through the focus F, at right angles to the 
axis I K, and terminated by the curve. 

7. Diameter is any line M N, drawn parallel to the 
axis I E. 

8. Double ordinate is a right line R S, drawn par- 
allel to a tangent at M, the extreme of the diameter 
M N, terminated by the curve. 

9. Abscissa is that part of a diameter contained 
between the curve and its ordinate, as M N. 
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PROBLEMS. 



PBOBLBM L 



To describe a paxabola by finding points in 
the curve, the axis A B, or any diameter be- 
ing given, and a double ordinate C D. 

1. Through A draw E F parallel to C D. 

2. Through C and D, draw D F and C E parallel 
to A B, cutting E F at E and F. 

3. Divide B C and B D each into any number of 
equal parts, as four. 

4. Likewise divide C E and D F into the same 
number of equal parts, viz., four. 

6. Through the points 1, 2, 3, &c, in C D, draw 
the lines 1 a, 2 6, 3 c, &c., parallel to C D. 

6. Also through the points 1, 2, 3, in C E and D 
F, draw the hnes 1 A, 2 A, 3 A, cutting the parallel 
lines at the points a, 6, c, then the points a, 6, c are 
in the curve of the parabola. 

Fig. 2. Another method. 

1. Join A C and A D ; from A make A E equal 
to B C or B i). 

2. Through A and E, draw H I and F G parallel 
to C D, cutting A C and A D in the points F and G. 

3. Through F and G, draw F H and G I paraDel 
to A B, cutting H I at the points H and L 

4. From the points H and I, take any number of 
equal divisions on the lines H F and I G ; from these 
points draw Hnes to A. 

5. From B, set the same divisions towards C and 
D ; draw the parallel lines 1 a, 2 6, 3 c, &;c«, intersect- 
ing the former at the points a, 6, c ; they will be in 
the carve of the parabola. 



OF THE HYPERBOLA. 

DEFINITIONS. 

1. If B and C are two fixed points, and a rule A B 
be made movable about the point B, a string ADC, 
being tied to the other end of the rule, and to the 
point C, and if the point A is moved round the cen- 
tre B, towards E, the angle D, of the string ADC, 
by keeping it always tight and close to the edge of 
the rule, A B, wiU describe a curve, D F H G, called 
an hyperbola. 



2. K the end of the role at B was made movable 
about the point C, the string being tied from the end 
of the rule A to B, and a curve being described after 
the same manner, it would be an opposite hyperbola. 

3. Foci are the two points B and C, about which 
the rule and string revolve. 

4. Trcmsverse axis is the line I H, terminated by 
the two curves passing through the foci, if continued. 

5. Centre is the point M, in the middle of the 
transverse axis I H. 

6. Conjugate axis is the hne N O, passing through 
the centre M, and terminated by a circle from H, 
whose radius is M C, at N and O. 

7. Diameter is any line V W, drawn through the 
centre M, and terminated by the opposite curves. 

8. Conjugate diameter to another is the line drawn 
through the centre parallel to a tangent with either 
of the curves, at the extreme of the other diameter, 
terminated by the curves. 

9. Abscissa is when any diameter is contained 
within the curve, terminated by a double ordinate 
and the curve, then the part within is caUed the 
abscissa. 

10. Double ordinate is a line drawn through any 
diameter, parallel to its conjugate, and terminated 
by the curve. 

11. Parameter^ or lotus rectum^ is a line drawn 
through the focus, perpendicular to the transverse 
axis, and terminated by the curve. 

12. Asymptotes are two right lines drawn from the 
centre M, and the points R S, which are parallel to 
the conjugate axis N O, and drawn through the end 
of the transverse axis I H ; H B and H S being 
equal to M N or M O, then M X and M Y are 
asymptotes. 

13. Equilateral or right-angled hyperbola is when 
its transverse or conjugate axes are equal. 

PROBLEMS. 
Plate lO. 

PROBLEM I. 

To describe an hyperbola by finding points in 
the curve having the diameter, or axis A B, 
its abscissa B C, and double ordinate D E. 

1. Through B, draw G F parallel to D E; from D 
and E, draw D 6 and E F parallel to B C, cutting 
(J F in F and G. 
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2. Divide C D and C E each into any number of 
equal parts, as four; through the points of division, 
1, 2, 3, draw lines to A. 

3. Likewise divide D Q and E F into the same 
number of equal parts, viz., four ; *firom the divisions 
on D 6 and E F draw l^les to B, and a curve being 
drawn through the intersections at B a 6 c E, will be 
the hyperbola required* 

PBOBLEM n. 

Given the asymptotes A B, C D, and a point 
E, in the curve, to describe the hyperbola, 

1. Through the given point E, draw any right line 
^ F, cutting the asymptotes in the points i and L 

2. Make t F equal to I E ; from F draw as many 
lines as you please, cutting the asymptotes in the 
points g*, A, t, kj &c., and 6, H, I, K, &c. 

3. Make 6 /, H /, K /, &c., respectively, equal to 
g P, A F, k F, &C., through the points/,/,/, describe 
a curve, and it is the hyperbola required. 

In the same ma^mier may the opposite hyperbola 
be described. 

PBOBLEM III. 

Given the two conjugate diameters A B and C D, 
to find any number of points in the curve. 

1. Through B draw F G parallel to C D, make 
B F and B G equal to E C, or E D from E, through 
F and G draw E H, and E I, the asymptotes. 

2. From A draw any lines A C, A P, A E, and 
A F, cutting the asymptotes at the points a, a, a, &c., 
and c, d^ e,/, &c. Make the distances a C, a D, a E, 
a F, &c, equal to A (;, A d^ A e, and A/, &c., then 
the points C, D, E, F will be ia the curve. 

Fio. 2. Another method. 

1. From the centre E, draw E I perpendicular and 
equal to E A or E B. 

2. Join B C, take any number of points, F, G, H, 
in E B, and draw F /, G g-, H A parallel to B C, 
cutting E C at/, g^h. 

3. Through/, g*. A, B C, dx^,wfk,glj A m, i w, &c, 
take the distance F I, and make /A: equal to it; then 
take G 1, and make g I equal to it ; in the same 
manner, find the points m n. And if E B and E C 
are produced indefinitely beyond B and C, and lines 
be drawn parallel to B E, as before, any number of 
points beyond will be found in the same manner. 



PROBLEM rV. 

Given the asymptotes, and a point in the curve, 
to find two conjugate diameters. 

1. From the point B, draw B H D parallel to the 
asymptote C G. Make H D equal to H B,'draw 
D C E, making C E equal to C D. Make C A eqtial 
to C B, then D E is the conjugate to A B. 

PROBLEM V. 

To describe a conic section through five given 
points, A, B, C, D, E, provided that all these 
points are joined by right lines, and that 
any exterior or angle, formed by these lines, 
be less than two right angles. 

1. Join any four points, A, B, C, E, forming the 
quadrilateral A B C E. 

2. Through the fifth point D, draw D / and D g 
parallel to A E and B C, meeting A B, produced 
both ways at the points /and §•, if necessary. 

3. Also, through D, draw A i parallel to E C,' 
meeting B C and A E, produced at the points A and i. 

4. Divide D A, D t, and D/, D g*, into any number 
of equal parts, as six ; likewise divide D F and D G 
into the same, viz., six. 

5. From the point 6, and through the points 1, 3, 

3, 4, 5, in D t, draw the lines 1 E, 2 E, 3 E,4 E, 6 E, 
cutting the lines B £&, B 6, B c, B (2, B e, and B/, at 
the points a, 6, (?, d, e, draw from B, through 1, 2, 3, 

4, 5, in D F, which are all in the curve. 

In the same manner, the points between B and D 
will be found, viz., by drawing lines from the points 
A and C, through the lines D g and D A. 

And if the lines D i and D / are produced, and* 

the equal parts, 7, 8, 9, extended upon these lines, you 

would obtain as many points, g*, A, i, &c., between A 

and B. 

Plate .11. 

PROBLEM VI. 

To describe a conic section to touch a right 
line A B, in a given point C, to pass through 
three other points, D, E, and F. 

1. Join D C, E C, and D E ; through F draw F A 
and F B parallel to E C and D C, cutting A B at 
A and B. 

2. Through F, draw G H parallel to D E, and pro- 
duce the sides C D and C E, to cut it at G and H. 
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a Divide F G and F H, F A and F B, each into 
any number of equal parts, as four. 

4. From C, through 1, 2, 3, in F H,draw C a, C 6, 

5. From E, through 1, 2, 3, in F H, draw 1 E, 2 E, 
3 E, &c., cutting the former in the points a, 6, c, which 
are in the curve. 

In the same manner may points be found in the 
other side. 

PROBLEM VII. 

To describe a conic section to touch two right 
lines, A B and B C, in the points A and 
C, and to pass through a given point, D. 

1. Join the points A and C; through D draw D E 
and D F parallel to B A and B C. 

2. Through D draw 6 H, parallel to A C, cutting 
B A and B C in 6 and H, and divide D 6 and D H, 
D E and D F, each into the same number of equal 
parts. 

3. From A, through the points 1, 2, 3, in D E, draw 
the lines A a, A 6, A c. 

4. From C, through the points 1, 2, 3, in D H, draw 
1 C, 2 C, 3 C, cutting the former in a, by c, which are 
in the curve. 

In the same manner may points be found between 
A and D. 



SECTIONS OF SOLIDS. 

« 

OF A CYLINDER. — DEFINITIONS. 

1. A cylinder is a solid, generated by the revolution 
of a right-angled parallelogram, or rectangle, about 
one of its sides ; and, consequently, the ends of the 
cylinder are equal circles. 

2. Axis is a right line passing from the centres of 
the two circles which form the ends of the cylinder. 

3. K a cylinder is cut by a plane, parallel to a 
plane passing through its axis, it will be cut in two 
parts, which are called segments of the cylinder. 

4. A segment of a cylinder is comprehended under 
three planes, and the curve surface of the cylinder ; 
two of these are segments of circles : the other plane 
is a parallelogram, which is here, for distinction's 
sake, called the plane of the segment, and the circu- 
lar segments are called the ends of the cylinder. 



5. The two sides of the parallelogram, which is 
parallel to the axis of the cylinder, are called the 
sides of the segment of the cylinder, and the other 
two sides of the parallelogram are chords to the ends 
of the cylinder. 

6. K a cylinder, or segment of a cylinder, stands 
upon one of its ends, that end on which it stands is 
called the base. 

7. K the segment of a cylinder is cut obliquely by 
a plane, the intersection of that plane with the plane 
of the segment is called the chord of the section. 

8. The section of a cylinder cut by any plane in- 
clined to its axis is an ellipsis. 

This is proved by the writers of conic sections. 

PROBLEMS. 
Plate 19. 

FBOBLEM L 

To find the section of a semi-cylinder, cut by 
a plane at right angles to the plane A B F E, 
which passes through its axis, making a given 
angle E F B, with either of the sides B F. 

1. Let A D B be the circle of the base, and C i\s 
centre. 

2. Through the centre of the circle C draw G D 
parallel to F B, cutting the circle of the base in D, 
and E F at G ; from G draw G H perpendicular to 
E F; make 6 H equal to C D; then E F is the 
transverse axis, and G H the semi-conjugate. 

Or it may be described by ordinates, as in Fig. 2, 
taken from the base and transferred to the section, as 
the figures direct 

In the same manner may any segment be found, 
viz., by drawing lines parallel to the sides of the 
plane of the segment till it cut the chords of the 
section; from these points, draw perpendiculars to 
the chord ; make their several lengths from the chord 
equal to those of the base corresponding to them ; a 
curve line being drawn through these points, will be 
the true section of the segment required, as is plainly 
shown by Fig. 3. 

PROBLEM II. 

To find the two axes of the section of a semi- 
cylinder cut by a plane, making a given 
angle ABC, with the plane E F G H, pass- 
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ing through its axis; also in a given direc- 
tion K I with the side K F. 

1. Let E M F be Ijie circle of the base, and L its 
centre. 

2. From the angular point B of the given angle 
ABC, draw B D perpendicular to B A, and eqnal 
to Li E or L F, the radios of the base ; draw D C 
parallel to B A, cntting B C at C. 

3. Draw Q R, at the distance D C, parallel to I K ; 
through the centre of the circle L draw O M par- 
allel to E F, cntting the circle of the base at M, and 
I K at O ; through the point O draw O P parallel 
to E F, cntting Q R at P; also through M draw 
M N parallel to E F, from P draw P S perpendicular 
to Q R, and P N parallel to O M, cutting M N at 
N; join L N, cutting the circle at Z; make U S 
eqned to B C, and join O S upon O S; from O, 
make O V equal to L Z, then O V is the semi- 
conjugate axis. 

4. Through O draw W X perpendicular to O S ; 
draw L T perpendicular to L N, cutting the circle 
of the base at T ; from T, draw T Y parallel to 
L N, cutting the base F E, produced at Y ; from Y, 
draw Y a parallel to O M, cutting K I, produced at 
a; from a, draw a W parallel to O S, cutting W X 
at W, making O X equal to O W ; then W X is 
the transverse axis. 

PBOBLEM m. 

To find the section of a segment of a cylinder, 
by ordinates cut by a plane through a given 
line I K, in the plane of a segment, making 
a given angle A B C at I K, with the plane 
E F K I. 

1. Draw the tangent Z M parallel to E F, and 
draw O M parallel to E F, cutting the tangent at M, 
and I K at O. 

2. Take the distance L M, and make B D perpen- 
dicular to the angular point B of the given angle 
ABC equal to it ; proceed as in the last problem ; 
find O V and L Z. 

3. Draw any number of lines a a, 6 6, c c, &c., 
parallel to O L, cutting the lines I E and E F at the 
points a, 6, c, &c 

4. From the points a, 6, c, &c., in I E, draw lines 
a 1, 6 2, c 3, &c., parallel to O V. 

5. Through the points o, 6, c, in E F, draw lines 



a 1, 6 2, c 3, &C., parallel to L Z, cutting the arc line 
of the base at 1, 2, 3, &c. 

6. Make all the distances a 1, 6 2, c 3, &c., from 
I E, equal to all their coiresponding distances, a 1, 
6 2, c 3, &c., on the base. 

7. A curve line bein^ traced through these points^ 
I W E will be the section required- 

In the same manner the section of any irregular 
figure may be found, as is plainly shown by Fig. 2. 

Fig. 3 shows how to find the section when the 
angle A B C is oblique. 



OF A CONE. 

DEFINITIONS. 

1. A cone is a solid figure standing upon a circu- 
lar base, diminishing to a point at the top, called its 
vertex,^ in such a manner that, if a straight line be 
applied from the vertex round the circle of the base, 
it shall coincide every where with the curve surface 
of the cone. 

2. A right line passing through the cone, from the 
vertex to the centre of the circle at the base, is called 
the axis, 

3. If a cone be cut by a plane not parallel to its 
base, passing quite through the curve surface, the 
figure is an ellipsis. 

4. K a cone be cut by a plane, parallel to a plane 
touching the curve surface, the section is a parabola, 

5. If a cone be cut by a plane, parallel to any 
plane within the cone that passes through its vertex, 
then the figure is an hyperbola^ 

These three last definitions are proved by the 
writers of conic sections. 

Note. — The cone in the following probLem ib supposed to be ui 
upright one. 

PROBLEM. 
Plate 19. 

PBOBLEM I. 

To describe the conic section from the cone. 

NoTB. — A D N is a section of the plane, passing through its axil 
at right angles with the sections of the ellipsis, parabola, or hyper- 
bola. 

For the Ellipsis. 
1. Let G H be its transverse axis in the plane 
A D N ; bisect it at K ; through K draw R Q paral- 
lel to A D. 
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2. Bisect Q B at M; with the radius M B or M Q 
describe the semicircle B P G. 

3. From E, draw E H perpendicular to Q B, cut- 
ting the circle at H ; then E H is the semi-conjugate 
axiS) from which the ellipsis may be described as at 
No.l. 

Fbr the Parabola. 

1. Let S E be the axis of the parabola, parallel to 
the other side, N D. 

2. From E, draw E C at right angles to A D, the 
base, cutting the semicircle at C ; then E C is an or- 
dinate or half the base of the parabola, which may 
be described at No. 2. 

For the Hyperbola, 

1. Let I F be the height of the hyperbola ; pro- 
duce it till it cut the opposite side A N, produced at 
L ; then F L is the transverse axis. 

2. From I, draw I B at right angles to A D ; then 
I B is half the base, which may be described as at 
No. 3. 

NoTB. — The letters are made to correspond at No. 1, 2» and 8, 
with those of the cone firom where they are taken. 



OF A GLOBE. 

DEFINITIONS. 

A globe is a solid figure, and may be supposed to 
be generated by the revolution of a semicircle about 
its diameter, which becomes the axis of the globe, 
and the centre of the semicircle is the centre of the 
globe. 

Corollary 1. Hence all right lines drawn from the 
centre to the circumference of a globe are equal to 
one another, for the semicircle touches the surface of 
the globe in every point as it revolves round. 

Corollary 2. The section of a globe by a plane 
passing through its centre is a circle, whose diameter 
is equal to the diameter of the generating semicircle. 

Corollary 3. Every section of a globe cut by a 
plane is a circle, for all the lines drawn from the cenr 
tre to its surface are equal ; consequently, the gen-? 
crating semicircle may revolve round any line, as an 
axis ; therefore, every point in the semicircle will 
generate a circle. 

Corollary 4. If a semiglobe is cut at right angles 
to the plane of its base, the section is a semicircle. 



PROBLEMS. . 

Plate 19. 

PROBLEM I. 

To find the section of a semiglobe at right 
angles to the plane A B D, through its cen- 
tre, and pass through the line A B in that 
plane. 

Bisect A B in D ; on D, as a centre, with the radius 
D A, or D B, describe the semicircle A E B, and it 
will be the section required. 

PROBLEM IL 

Given two segments of circles, ABC and 
D E F, equal or unequal, having their two 
chords, A C and D F, equal to each other, 
and the segment ABC being placed upon 
D F, so that A C shall coincide with D F, 
and the segment A B C at right angles to 
D E F, to find the radius of a globe, so that 
the arc lines ABC and D E F shall be in 
its surfiwje when the two segments are placed 
in the above position. 

L Make a rectangle A D F C, so that the opposite 
sides, A C and D F, will be the bases of the segments 
A B C and D E F. 

2. Find the centres G and H of these segments. 

3. Through H draw I K parallel to G F, and com- 
plete the semicircle I D E F K. 

4. Through G or H draw H L parallel to G F, 
cutting A C and I K at L and H ; make H M equal 
to L G, join M K or M I, and it will be the radius 
required. 

If upon E, as a centre, with the distance M I, or 
M K, a segment I N K is described, it wiU be pari 
of the greatest circle that can be drawn in the globe. 

PROBLEM III. 

A figure being generated by the revolution of a 
plain figure, having two perpendicular legs, 
and the other side being irregular, or straight, 
or a curve line of any kind, the figure being 
made to revolve about one of its perpendicu- 
lar legs. To find the figure of the section, 
cut any where across the base and right an- 
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gles to Hie plane of the base, haying that sec- 
tion which passes through the axis given. 

1. Let A F E 6 B be the circle of the base, and 
let the section required be cut across F G ; also let 
A B C be a section of the solid passing through the 
axis. 

2. From the centre O, draw the concentric circles 
H A, I ij Kkjhlyto cut A B, in the points H, I, E, L, 
and F G, in the points hji^ k, L 

3. Erect perpendiculars to the lines A B and F G, 
both ways from these points, to cut A C in H, I, 
K, K 

4. Make the distances h A, % t, kk,ll^ equal to their 
corresponding distances HH,II, EK, LL; a curve 
being drawn through these points, it will be the sec- 
tion required. 

If the given section is triangle, the section is an 
upright hyperbola. 

If the given section is a semicircle, the required 
section- will also be a semicircle ; these appear plain 
by the figures, and in this ca^e there is no tracing 
required. 



OF A SPHEROID. 

DEFINITIONS. 

1. A spheroid is a solid, generated by the rotation 
of a semi-ellipsis about the transverse or conjugate 
axis, and the centre of the ellipsis is the centre of 
the spheroid. 

2. The line about which the ellipsis revolves is 
called the axis. 

3. If the spheroid is generated about the conjugate 
axis of the semi-eUipsis, then it is called a prolate 
spheroid. 

4. If the spheroid is generated by the semi-ellipsis 
about the transverse axis, then it is called an oblate 
spheroid. 

Proposition 1. — Every section of a spheroid is an 
ellipsis, except when it is perpendicular to that axis 
about which it is generated, in which case it is a 
circle. 

Proposition 2. — All sections of a spheroid parallel 
to each other are similar figures. 

Proposition 3. — If a semi-spheroid is cut by a plane 



at right angles to the base,* then the section is a 
semi-ellipsis, and the intersection with the base will 
be one of its axes ; and if a line is drawn perpendic- 
ular from the middle of that intersection to the base 
of the spheroid, to cut its surfeice, that line will be 
half the other axis, whethw transverse or conjugate. 

PROBLEMS. 
Plate IS. 

PROBLEM L 

Given the base A D B C, which is a section 
through the longest axis of an oblong sphe- 
roid, to find the form of the section, by cut- 
ting the base . through the line £ F, at right 
angles to its plane. 

1. Let A B be the transverse, and C D the conju- 
gate axis of the base; through the centre G draw 
H I parallel to the given direction E F, cutting the 
ellipsis at the points H and L 

2. Produce E F towards E ; make Q E equal to 
G H or G I ; and erect the perpendicular E M. 

3. Make E M equal to C G or G D, and bisect 
E F at Q, and draw M Q. Erect the perpendicular 
F P, cutting M Q at the point P, through Q; draw 
Q R parallel and equal to E M; then Q, B will be 
the semi-conjugate, and E F the transverse axis of 
the section required, from which the ellipsis may be 
described by any of the foregoing methods* 

PBOBLEM n. 

To find the length of any arc A B C, of a cir- 
cle mechanically, very near ; or to transfer 
the same on the circumference of another 
circle F G H, of a different radius, from: a 
given point F. 

1. Take your compass at any small opening, be- 
ginning at A, and take the equal parts, 1, 3, 3, 4, 5,. 
6, on the arc ABC. 

2. From D, lay the same number of equal parts 
on the right line D E, towards E, viz., 1, 2, 3, 4, 5, 6, 
and from the arc ABC take the remaining part 
B C, and place it on the right line D E, from 6 to E ; 



* It is here meant that the base ia a section made by a plane, 
passing through the centre of the spheroid, at right angles to the 
transrene or oonjngate axis of the spheroid. 
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then will the length of the right line D E be nearly 
equal to the arc ABC stretched out. 

In the same manner may A B C be transferred to 
the circle F 6 H, viz., by taking the divisions, 1, 2, 
3, 4, 5, 6, and beginning at F, with the same opening 
of your compass, setting off the divisions, 1, 2, 3, 4, 
5, 6, on the arc F 6 H, and transferring the part 6 C 
to 6 H, as before ; then will the arc F G H be equal 
to the arc A B C. 



OF A CYCLOID OR EPICYCLOID. 

DEFINITION. 

A cycloid or epicyloid is a figure generated by a 
circle rolling along the straight edge of a ruler, or 
another circle at rest, while a point in the circumfer- 
ence describes a figure on the plane called a cycloid 
or epicycloid. 

PROBLEMS. 
Plate IS. 

PROBLEM L 

To describe a cycloid 

1. Let B C be the edge of a straight ruler ; erect 
A' D perpendicular to B C, equal to the diameter of 
the generating circle; upon the diameter A D de- 
scribe a circle ; through the centre, at E, draw Q R 
parallel to B C. 

2. Divide the semi-circumference D 1 2 3, &c., to 
A, into equal parts, and lay the same number of equal 
parts upon the right line A B, firom A towards B ; , 
from all the divisions on A C erect perpendiculars, 
cutting Q R at the points F, 6, H, &c. 

3. With the radius E D or E A, on the points 
F, G, H, &c., as centres, describe arcs 1 /, 2 g*, 3 A, 
&c. ; take the chords A 1, A 2, A 3, &c, from the semi- 
circle ; make the distance 1 /, 2 g*, 3 A, &c., respec- 
tively to them, then these points will be in the curve 
of the cycloid. 

PROBLEM n. 

To describe an epicycloid. 

1. Let B A C be the edge of the circle round which 
the other circle is to turn ; through the centre S and 
the point A, in the circumference, draw the right line 



S D ; make A D equal to the diameter of the gen- 
erating circle. 

2. Divide the circumference D 1 2 3, &c., into 
equal parts, and place them upon the arc A C, fi-om 
A to 1, 2, 3, &c., to a 

3. With the radius S E, on the centre S, describe 
the arc Q R ; through the centre S and the points 
1, 2, 3, &C., draw lines, cutting Q R at F, G, H, &c., 
and proceed in every other respect, as in the cydoid, 
and you will get the curve. 



SECTION OF PLANES. 

Of the Positions of Lines and Planes^ cmd the Prop- 
erties arising from their Intersections. 

DEFINITIONS. 

1. A plane is a surface in which a straight line 
may coincide in all directions. 

2. A straight line is in a plane when it has two 
points in common with that plane. 

3. Two straight lines which cut each other in space, 
or would intersect, if produced, are in the same plane ; 
and two lines that are parallel are also in the same 
plane. 

4. Three points given in space, and not in a straight 
line, are necessary and sufficient for determining the 
position of a plane. Hence two planes which have 
three points common coincide with each other. 

6. The intersection of two planes is a straight line. 

PROBLEM. 
Plate 14. 

When two planes A B C D, A B F E, (Fig. 1,) 
intersect, they form between them a certain 
angle, which is called the inclination of the 
two planes, and which is measured by the 
angle contained by two lines ; one drawn in 
each of the planes, perpendicular to their 
line of common section. 

1. Thus, if the line A F, in the plane A B E F, be 
perpendicular to A B, and the line A D, in the plane 
A B C D, be the perpendicular also to A B, then the 
angle F A D is the measure of the inclination of 
the planes A B E F, A B C D. When the angle 
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F A D is a right angle, the two planes are perpen- 
dicnlar. 

2. (Fig. 2.) A line, A B, is perpendicular to a plane 
P Q, when the line A B is perpendicular to any line 
B C, in the plane P Q, which passes through the 
point B, where the line meets the plane. The point 
B is called the foot of the perpendicular. 

3. A line A B (Fig. 3) is parallel to a plane 
P Q, when the line A B is parallel to another straight 
line C B, in the plane P Q. 

4. If a straight line have one of its intermediate 
points in common with a plane, the whole line will 
be in the plane. 

5. Two planes are parallel to one another when 
they cannot intersect in any direction. 

6. The intersections of two parallel planes with a 
third are parallel. Thus, in Fig. 4, the lines A B, 
C D, comprehended by the parallel plane P Q, R S, 
are parallel. 

7. Any number of parallel lines, comprised be- 
tween two parallel planes, are equal. Thus, Fig. 6, 

the parallel lines A a, B 6, C c, , comprised 

by the parallel planes P Q, R S, are all equal. 

8. If two planes C D E F, G H I J, Fig. 6, are 
perpendicular to a third plane, P Q, their intersection, 
A B, will be perpendicular to the third plane P Q. 

9. K two straight lines be cut by several parallel 
planes, these straight lines will be divided in the 
same proportion. 



GENERAL APPLICATION OF THE TRE- 
HEDRAL TO TANGMT PLANES. 

PROBLEM. 

Plate 14. 

Griven the inclination and seat of the axis of an 
oblique cylinder or cylindroid, to find the 
angle which a tangent makes at any point in 

' the circumference of the base, with the plane 
of the base. 

1. (Figs. 1, 3, Plate 14.) Let A E B O be the base 
of the cylinder or cylindroid, C B the seat of the axis, 
and let B C D be the angle of inclination, and let O 
be the point where the tangent plane touches the 
curved snrfieu^ of the solid. 

8 



3. Draw O N a tangent line at the point O in the 
base, and draw O P parallel to C B. Make the angle 
P O R equal to B C D, and draw P R perpendicular 
toPO. 

3. Then if the triangle P O R be conceived to be 
revolved round the line P O, as an axis, until its plane 
becomes perpendicular to the plane of the circle 
A E B C, the straight line, O R, will, in this position, 
coincide with the cylindrical surface, and a plane 
touching the cylinder or cylindroid at O will pass 
through the lines O N and O R. Here will now be 
given the two legs, P O R and P O N, of a right- 
angled trehedral to find the angle which the hypothe- 
nuse makes with the base. Draw P Q perpendicular 
to O N, intersecting it in m, and draw P S perpen- 
dicular to P Q. Make P S equal to P R, and join 
m S ; then P «» S is the angle required. 

4. The hypothenuse will be easily constructed at the 
same time, thus : make m Q equal to m S, and join 
O Q, then N O Q, will be the hypothenuse required. 

5. In Fig. 1, the method of finding the angle which 
the tangent plane makes with the base and the hypoth- 
enuse is exhibited at four difierent points. In the first 
two points, O from A, in the first quadrant, the tan- 
gent planes make an acute angle at each point O ; 
but in the second quadrant, they make an obtuse 
angle at each point O. 

6. Fig. 2 is the second position of the construction 
from the point A, for finding the angle which the 
tangent plane makes with the base, and for finding 
the hypothenuse enlarged ; in order to show a more 
convenient method by not only requiring less space, 
but less labor, it may be thus described, the two given 
legs P' Q' R' and P' O' N'. 

7. Draw P' mf perpendicular to O' N', meeting 
O N m w'. In P' O', make F t/ equal to P' m', and 
draw the straight line t/ R', then P' t/ R' will be the 
inclination of the tangent plane at the point O. 

8. Again : in O' P' make O' if equal to O' m', and 
draw If v! parallel to P' R'. From O', with the radius 
O^ R', describe an arc meeting if u' \n w', and draw 
the straight line O' vf ; then f O' vf is the hypothenuse. 

9. Fof since P' S' is equal to P' R', and P' vf equal 
to P' wf, and the angles mf P' 8' and vf V R' are 
right angles ; therefore, the triangle vf P' R' is equal 
to the triangle wf V S', and the remaining angles of 
the one equal to the remaining angles of the other, 
each to each ; hence the angle P' vf R' is equal to the 
angle P' m' S'. 
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10« Again : because O ^ is equal to O^ hk', and O' 
Q' is equal to O' R', and C u' is also equal to C R', 
therefore O' u' is equal to O' Q' ; and since the angles 
O' if vf and O' m* Q^ are each a right angle, therefore 
the two right-angled triangles have then: h jpothenuses 
equal to each other, and have also one leg in each 
equal to each other ; therefore the remaining side of 
the one triangle is equal to the remaining side of the 
other, and therefore, also, the angles which are oppo- 
site to the equal sides are equal; hence the angle 
P' O' u' is equal to N' O' Q'. 

11. By considering this construction by the trans- 
position of the triangles, the whole of the angles 
which the tangent planes make at a series of points 
O, in figures 1 and 3, their hypothenuses may be all 
found in one diagram, as in Fig. 4. 

12. Thus, in Fig. 4, if the angles A C O, A C O' 
A C O', A C O'", be respectively equal to A C O, 
A C O, A C O'', A C O'', Fig. 1, and in Fig. 4, the 
semicircle A O' B be described, and if C D be drawn 
perpendicular to A B, and the angles CAD, C B D, 
be made equal to B C D, Fig. 1, then each half 
of Fig. 4, being constructed as in Fig. 2, the angles 
at m wf m" mf" will be respectively equal to the 
angles P w S, P' m/ S', (^" ml' S'', QC' wf" S'^ in Fig. 1. 

Also, in Fig. 4, the angles C A E, C A §•, C A A, 
C B f , C B A, C B F will be the hypothenuses at the 
points A, O, O', O', O"', B, in Fig. 1. 

We may here observe, Fig. 1, that the angles 
which the tangent planes make with the plane of the 
base in the first quadrant axe acute ; and those in the 
second quadrant are obtuse ; and those in the second 
quadrant are the supplements of the angles P m S ; 
and, moreover, that all the angles which constitute 
the hypothenuses of the trehedral are all acute, 
whether in the first quadrant or the second quadrant 
of the semicircle A O B. 



SECTIONS 

On the projection of a straight line bent upon a cylin- 
dric surface^ cmd the method of drawing a tangent 
to such a projection. 

Plate 14. 

FBOBLEli I. 

Given the development of the surfece of the 
semi-cylinder, and a straight line in the devel- 



©pment, to find the projection of the straight 
line on a plane passing through the axis of 
the cylinder, supposing the development to 
incase the semi-cylindric surface. 

Fig. 6. Let A B C be the development of the 
cylindric surface, B C being the development of the 
semi-circumference, and let A C be the straight line 
given. 

Produce C B to D, making B D equal to the diam- 
eter of the cylinder. On B D, as a diameter, describe 
the semicircle BED, and divide the semicircular arc 
BED into any number of equal parts, at 1, 3, 3, 
&c., arid its development B C into the same number 
of equal parts, at the points /, §■, A, &c. Draw the 
straight lines /ft, g l^ hm, &c., parallel to B A, meet- 
ing A C at the points ft, Z, m, &c. ; also parallel to 
B A draw the straight lines 1 o, 2 j?, 3 ^, &c, and 
draw fto, Ip^ m q^ &c., parallel to CD; and the 
points 0, py Qj &C., are the projections or seats of the 
points kj Ijm, &cc.^ in the development of the straight 
line A C. 

The projection of a screw is found by this method : 
B D may be considered as the diameter of the cylin- 
der firom which the screw is formed ; and the angle 
B A C the inclination of the thread, with a straight 
line on the surface ; or B C A the inclination of the 
thread with the end of the cylinder. The same prin- 
ciple also applies to the delineations of the hand rails 
of stairs, and in the construction of bevel bridges, of 
which we shall treat in a subsequent part of this 
work. 

PROBLEM n. 

Given the entire projection of a helix or screw, 
in the surface of a semi-cylinder, and the 
projection of a circle in that surface perpen- 
dicular to the axis, upon the plane passing 
through the axis, to draw a tangent to the 
curve at a given point. 

Fig. 6. Let B P K be the projection of the helix 
or screw, and B A the projection of the circumference 
of a circle, and since this circle is in a plane perpen- 
dicular to the plane of projection, it will be projected 
into a straight line A B, equal to the diameter of the 
cylinder. 

On A B, as a diameter, describe the semicircle 
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A r B, and draw P r peipendiciilar to, and inter- 
secting, A B in g, join tiie points e r, and produce 
e r to /. 

Produce A B to C, so that B C may be eqnai to 
the semicircular arc B r A. Draw C D perpendic^ 
ular to B C, and make C D equal to A K, and draw 
the straight Une B D ; then B D will be the devel- 
opment of the curve line B P K. 

Draw P u parallel to A C, meeting B D in i^ and 
draw u t perpendicular to B C. Draw r g perpen- 
dicular to e r, and make r g equal to B ^. Draw g n 
perpendicular to A C, meeting B C in n, and draw 
the straight line n P ; then n P will touch the curve 
at the point P. 

Or the tangent may be drawn independent of 
B C D,thus : Draw P r perpendicular to A B, and r g 
a tangent at r. Make r g equal to the development 
of r B, and draw g n perpendicular to B C^, meet- 
ing B C in 11, and join • P, which is the tangent 
required. 



PRELIMINARY PRINCIPLES 
OF PROJECTION. 

PROBLEM. 

Plate 15. 

If firom a point A^, Fig. 1, in space, a perpendic- 
ular A' a be let fall to any plane P Q whatever, the 
foot a of tiiis perpendicular is called the projection 
of the point A*^ upon the plane P Q. 

If, throng different points A^ B^, C^, iy,....Figs. 
2, 3, 4, of any line A^ B', C, IV, . . . . whatever in 
space, perpendiculars A' o, B' 6, C' c, IV rf, . . . 
be let fall upon any plane P Q whatever, and if 

through 0, 6, c, £2, the projections of the 

points A', B', C^ IV, in the plane P Q, a line be 
drawn, the Une thus drawn will be the projection of 
the line A' B' C IV . . . . given in space. 

If the line A' B' C ly . . . . Fig. 3, be straight, 
the projection abed. . . • will also be a straight 
line; and if the line A' B' C' IK ... . Fig 2, be a 
curve not in plane perpendicular to the plane P Q, 
the curve abed..,, which is the projection of 
the curve A' B' C IK, .... in space, will be of the 
same species with the original curve, of which it is 
the projection. Hence, in this case, if the original 



curve A^ B^ C IK • . • . be an ellipse, a parabola, an 
hyperbola, &C., the projection abed.... will be 
an ellipse, a parabola, an hyperbola, &c. The oirde 
and the eUipse being of the same species, the pro- 
jected curve may be a circle or ellipse, whether the 
original be a circle or ellipse, as in Fig. 4. 

The plane in which the projection of any point, 
line, or plane figure is situated is called the plane of 
projection, and the point or line to be projected is 
called the primitive. 

The projection of a curve wiU be a straight line 
when the curve to be projected is in a plane peipen- 
dicular to the plane of projection. Hence the pro- 
jection of a plane curve is a straight line. 

If a curve be situated in a plane which is parallel 
to the plane of projection, the projection of the curve 
will be another curve equal and similar to the curve 
of which it is the projection. 

The projection upon a plane of any curve of double 
curvature whatever is always a curve line. 

In order to fix the position and form of any line 
whatever in space, the position of the line is given to 
each of two planes which are perpendicular to each 
other ; the one is called the horizontal plane, and the 
other the vertical plane ; the projection of the line in 
question is made on each of these two planes, and 
the two projections are called the two projections of 
the line to be projected. 

Thus we see, in Fig. 5, where the parallelogram 
U V W X represents the horizontal plane, and the 
parallelogram U V Y Z represents the vertical plane ; 
the projection a ft of the line A' A' in space upon the 
horizontal plane U V W X is called the horizontal 
projection; and the projection A B, of the same line 
upon the vertical plane U V Y Z, is called the verti- 
paZ projection. 

The two pianes upon which we project any line 
whatever are called the planes of projection. 

The intersection U V of the two planes of projec- 
tion, is called the ground line. 

When we have two projections a 6, A B of any line 
A B' in space, the line A' B' will be determined by 
erecting to the planes of projection the perpendiculars 
a A', 6 B' . . . A A', B B' . . . through the projections 

a, 6, A, B, of the original points A', B', 

of the line in question. For the perpendiculars 

a A', A A' erected from the projections a, A of the 
same point A' will intersect each other in space in a 
point A', which will be one of these in the line in 
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qaestion. It is dear that the other points must be 
found in the same manner as this which has now 
been done. 

When we have obtained the two projections of a 
line in space, whether immediately from the line it- 
self or by any other means whatever, we must aban- 
don this line in order to consider its two projections 
only, since, when we design a working drawing, we 
operate only upon the two projections of this line 
that we have brought together upon one plane, and 
we no longer see any thing in space. 

However, to conceive that which we design, it is 
absolutely necessary to carry by thought the opera- 
tions into space from their projections. This is the 
most difficult part that a beginner has to surmount, 
particularly when he has to consider at the same 
time a great number of lines in various positions 
in space. 

The perpendicular A' a. Fig. 5, let fall from any 
point A whatever in space upon the plane X V of 
projection, is called the projectant of the point A' 
upon this plane. Moreover, the perpendicular dis- 
tance between the point A' and the horizontal plane 
X V, is called the projectant upon the horizontal 
plane, or simply the horizontal projectant; and the 
perpendicular distance A' A between the original 
point A' and the vertical plane U Y, is called the pro- 
jectant upon the vertical plane, or simply the vertical 
projection. 

We shall remark, so as to prevent any mistake, 
that the horizontal projectant A' a is the perpendic- 
ular let fall from the original point upon the horizon- 
tal plane, and that the vertical projectant is the per- 
dicular let fall from that point upon the vertical plane. 
Hence the horizontal projectant is parallel to the ver- 
tical plane, and is equal to the distance between the 
original point and the horizontal plane ; and the ver- 
tical projectant is parallel to the horizontal plane, and 
is equal to the distance between the original point 
and the vertical plane. 

We may remark, that if through a, Fig. 6, the hori- 
zontal projection of the point A', we draw a perpen- 
dicular a to U V, the ground line, this perpendicular a 
will be equal to the measure of the vertical project- 
ant A' A; consequently, the distance of the point A' 
to the vertical plane is equal to the distance between 
a, its horizontal projection, and U V, the ground line 
measured in a perpendicular to U V. In like man- 
ner, if through A, the vertical projection of the point 



A', we draw a perpendicular A a to U V, the ground 
line, this perpendicular A a will be equal to the 
measure of the horizontal projectant A a; conse- 
quently, the distance of this point A' to the horizon- 
tal plane is equal to the distance between A, its ver- 
tical projection, and U V, the ground line measured 
in a perpendicular to U V. 

To these very important remarks we shall add one 
which is not less so. Two perpendiculars, a a, Fig. 
6, A a, being let fall from the projections a, A to the 
same point A' upon the ground line U V, will meet 
each other in the same point a, of the said ground 
Une U V. 

If we now wished the two projections of a point 
A', Fig. 6, or of any line A' B' whatever, to be upon 
one or the same plane, it is sufficient to imagine the 
vertical plane U V Y Z to turn round the ground 
line U V in such a manner as to be the prolongation 
of the horizontal plane U V W X; for it is clear that 
this plane will carry with it the vertical projection A 
or A B of the point, or of the line in question. More- 
over, we see, and it is very important, that the lines 
A a, B b, perpendicular to the ground line U V, will 
not cease to be so in the motion of the plane U V Y 
Z ; and as the corresponding lines a a, 6 b, are also 
perpendiculars to the ground line U V, it follows 
that the lines a a\ b 6', will be the respective pro- 
longation of the lines a a, 6 b. 

Hence it results, when we consider objects upon a 
single plane, the projections a A, of a point A' in 
space, are necessarily upon the same perpendicular 
A a to the ground line U V. 

It is necessary to call to mind that the distance 
A a, measures the distance from the point in space to 
the horizontal plane, (the point A being the vertical 
projection of this point,) and that the line a a meas- 
ures the distance from the same point in space to 
the vertical plane. 

It follows, that if the point in space be upon the 
horizontal plane, its distance with regard to this last- 
named plane will be zero or nothing, and the vertical 
A a will be zero also. Moreover, the vertical proj ection 
of this point will be upon the ground line at the foot 
a, of the perpendicular a a, let fall upon the ground 
line, from the horizontal projection a of this point. 

Again : if the point in space be upon the vertical 
plane, its distance, in respect of this plane, will be 
zero, the horizontal a a will be zero, and the hoiizon- 
tal projection of the point in question will be the foot 
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a, of the perpendiciilar A a, let fall upon the ground 
line from the vertical projection A, of this point 

In general, we suppose that the vertical projection 
of a point is above the ground Une, and that the 
horizontal projection is below ; but from what has 
been said, it is evident that, if the point in space be 
situated below the horizontal line, its vertical projec- 
tion will be below the ground line ; for the distance 
from this point to the horizpntal plane cannot be 
taken from the base line to the top, but from the top 
to the base with respect to its plane. 

So if the point in space be situated behind the 
vertical plane, its horizontal projection will be above 
the ground line ; from which we conclude, — 

1. If the point in question be situated above the 
horizontal plane, and before the vertical plane, its 
vertical projection will be above, and its horizontal 
projection below, the ground line. 

2. If the point be situated before the vertical plane, 
and below the horizontal plane, the two projections 
will be above the ground line. 

3. K the point be situated above the horizontal 
plane, but behind the vertical plane, the two projec- 
tions will be above the ground line. 

4. Lastly. If the point be situated above the hori- 
zontal plane, and behind the vertical plane, the verti- 
cal projection will be below, and the horizontal pro- 
jection above, the ground line. 

The reciprocals of these propositions are also true. 

K a line be parallel to one of these planes of pro- 
jection, its projection upon the other plane will be 
parallel to the ground line. Thus, for exarriple, if a 
line be parallel to a horizontal plane, its vertical pro- 
jection will be parallel to the ground line ; and if it is 
parallel to the vertical plane, its horizontal projection 
will be parallel to the ground line. 

Beciprocally, if one of the projections of a line be 
parallel to the ground line, this line will be parallel 
to the plane of the other projection. Thus, for ex- 
ample, if the vertical projection of a line be parallel 
to the ground line, this line will be parallel to the 
horizontal plane, and vice versa. 

If a line be at any time parallel to the two planes 
of projection, the two projections of this line will be 
parallel to the ground line ; and reciprocally, if the 
two projections of a line be parallel to the ground 
line, the line itself wiU be at the same time parallel 
to the two planes of projection. 

If a line be perpendicular to one of the planes of 



projection, its projection upon this plane will only be 
a point, and its projection upon the other plane will 
be perpendicular to the ground line. Thus, for ex- 
ample, if the line in question be perpendicular to the 
horizontal plane, its horizontal projection will be only 
a point, and its vertical projection will be perpendic- 
ular to the ground line. 

Reciprocally, if one of the projections of a straight 
line be a point, and the projection of the other per- 
pendicular to the ground line, this line will be per- 
pendicular to the plane of projection upon which its 
projection is a point Thus the line will be perpen- 
dicular to the horizontal plane, if its projection be 
the given point in the horizontal plane. 

If a line be perpendicular to the ground line, the 
two projections will also be perpendicular to this line. 
The reciprocal is not true ; that is to say, that the 
two projections of a line may be perpendicular to the 
ground line, without having the same line perpendic- 
ular to the ground line. 

If a line be situated in one of the planes of pro- 
jection, its projection upon the other will be upon the 
ground line. Thus, if a line be situated upon a hori- 
zontal plane, its vertical projection will be upon the 
ground line ; and if this line were given upon the 
vertical plane, its horizontal projection would be upon 
the ground line. 

Reciprocally, if one of the projections of a line be 
upon the ground line, this line will be upon the plane 
of the other projection. Thus, for example, if it be 
the vertical projection of the line in question, which 
is upon the ground, this line will be upon the hori- 
zontal plane ; if, on the contrary, it were upon the 
horizontal projection of this line which was upon the 
ground line, this line would be upon the vertical 
plane. 

K a line be at any time upon the two planes of 
projection, the two projections of this line would be 
upon the ground Une, and the line in question would 
coincide with this ground line. Reciprocally, if the 
two projections of a line were upon the ground line, 
the line itself would be upon the ground line. 

If two lines in space are parallel, their projections 
upon each plane of projection are also parallel. Re- 
ciprocally, if the projections of two lines are parallel 
on each plane of projection, the two lines will be 
parallel to one another in space. 

If any two lines whatever in space cut each other, 
the projections of their point of intersection will be 
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Upon the same perpendicular line to the ground line, 
and upon tiie points of intersection of the projections 
of these lines. Reciprocally, if the projections of 
any two lines whatever cut each other in the two 
planes of projection in such a manner that their 
points of intersection are upon the same perpendic- 
ular to the ground line, these two lines in question 
will cut each other in space. 

The position of a plane is determined in space 
when we know the intersections of this plane with 
the planes of projection. 

The intersections A B, A C, of the plane in ques- 
tion, with the planes of projections, are called the 
traces of this plane. 

The trace situated in the horizontal plane is called 
the horizontal traccj and the trace situated in the ver- 
tical plane is called the vertical trace. 

A very important remark is, that the two traces of 
a plane intersect each other upon the ground line. 

If a plane be parallel to one of the planes of pro- 
jection, this plane wiU have only one trace, which 
will be parallel to the ground line, and situated in 
the other plane of projection. Reciprocally, if a 
plane has a trace parallel to the ground line, this 
plane will be parallel to the plane of projection, 
which does not contain this trace. Thus : — 

1. If a plane be parallel to the horizontal plane, 
this plane will not have a horizontal trace, and its 
vertical trace will be parallel to the ground line. 
Likewise, if a plane be parallel to the vertical plane, 
this plane will not have a vertical trace, and its hori- 
zontal trace will be parallel to the ground line. 

2. If a plane has only one trace, and this trace 
parallel to the ground line, let it be in the vertical 
plane ; then the plane will be parallel to the horizon- 
tal plane. So if the trace of the plane be in the 
horizontal plane, and parallel to the ground line, the 
plane will be parallel to the vertical plane. 

If one of the traces of a plane be perpendicular to 
the ground line, and the other trace in any position 
whatever, this plane will be perpendicular to the 
plane of projection in which the second trace is. 
Thus, if it be a horizontal trace which is perpendic- 
ular to the ground line, the plane will be perpendic- 
ular to the vertical plane of projection ; and if, on 
tiie contrary, the vertical trace be that which is per- 
pendicular to the ground line, then the plane will be 
perpendicular to the horizontal plane. 

Reciprocally, if a plane be perpendicular to one of 



the planes of projection, without being parallel to the 
other, its trace upon the plane of projection, to which 
it is perpendicular, will be perpendicular to any posi- 
tion whatever, and the other trace will be perpendic- 
ular to the ground line. Thus, for example, if the 
plane be perpendicular to the vertical plane, the ver- 
tical trace will be perpendicular to the ground line. 
The reverse will also be true, if the plane be perpen- 
dicular to the horizontal plane. 

If a plane be perpendicular to the two planes of 
projection, its two traces will be perpendicular to the 
ground line. Reciprocally, if the two traces of a 
plane are in the same straight line perpendicular to 
the ground line, this plane will be perpendicular to 
both the planes of projection. 

If the two traces of a plane are parallel to the 
ground line, this plane wiU be also parallel to the 
ground line. Reciprocally, if a plane be parallel to 
the ground line, its two traces will be parallel to the 
ground line. 

When a plane is not parallel to either of the planes 
of projection, and one of its traces is parallel to the 
ground line, the other trace is also necessarily par- 
allel to the ground line. 

If two planes are parallel, their traces in each of 
the planes of projection will also be parallel. Recip- 
rocally, if on each plane of projection the traces of 
the two planes are parallel, the planes will also be 
parallel. 

K a line be perpendicular to a plane, the projec- 
tions of this line will be in each plane of projection 
perpendicular to the respective traces in this plane. 
Reciprocally, if the projections of a line are respec- 
tively perpendicular to the traces of a plane, the line 
will be perpendicular to the plane. 

K a line be situated in a given plane by its traces, 
this line can only intersect the planes of projection 
upon the traces of the plane which contains it. 
Moreover, the line in question can only meet the 
plane of projection in its own projection. Whence 
it follows, that the points of meeting of the right 
line, and the planes of projection, are respectively 
upon the intersections of this right line, and the 
traces of the plane which contains it. 

If a right line, situated in a given plane by its 
traces, is parallel to the horizontal plane, its horizon- 
tal projection will be parallel to the horizontal trace 
of the given plane, and its vertical projection will be 
parallel to the ground line. Likewise, if the right 
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lioe situated in a giv^i plane byitB traces is parallel 
to the vertical plane, its vertical projection will be 
parallel to the vertical line of the plane which con- 
tains it, and its horizontal projection will be parallel 
to the ground line. 

Reciprocally, if a line be situated in a given plane 
by its traces, and, for example, its horizontal pro- 
jection be parallel to the horizontal trace of the 
given plane, this line will be parallel to the horizon- 
tal plane, and its vertical projection wiU be parallel 
to the ground line. Likewise, if the vertical projec- 
tion of the line in question be parallel to the vertical 
trace of the given plane, this line will be parallel to 
the vertical plane, and its horizontal projection will 
be parallel to the ground line. 



SECTION 
On the Developments of the Surfaces of Solids. 

PROBLEMS, 
Plate 15. 

PROBLEM I. 

To find the development of the surface of a 

right semi-cylinder. 

Fig. 1. Let A C D E be the plane passing through 
the axis. On A C, as a diameter, describe the semi- 
circular arc ABC. Produce C A to B, and make 
A F equal to the development of the arc ABC. 
Draw F 6 parallel to A E, and E G parallel to 
A F ; then A F G E is the development required. 

PROBLEM n. 

To find the development of that part of a semi- 
cylinder contained between two perpendicular 
surfaces. 

Figs. 2, 3, 4. Let A B C D E be a portion of a 
plane passing through the axis of the cylinder, C D 
and A E being sections of the surface, and let D E 
and F G be the insisting lines of the perpendicular 
surface ; also, let A C be perpendicular to A E and 
C D. On A C, as a diameter, describe the semicir- 
cular arc ABC. Produce C A to H, and make 
A H equal to the development of the arc ABC. 
Divide the arc A B C and its development each 



into the same number of equal parts, at the points 
1, 2, 3. 

Though the points 1, 2, 3, &c., in the semicircular 
arc, and in its development, draw straight lines par- 
allel to A E, and let the parallel lines through 1, 2, 3, 
in the arc ABC, meet F G in p, q, r, &c., and A C 
in kj Ij m, &c. Transfer the distances kp^ Iq, mr^ &c, 
to the development upon the lines 1 a, 2 6, 3 c, &;c. 
Through the points F, a, 6, c, &c, draw the curve 
line F c 1. Li the same manner draw the curve line 
E K; then F E I K will be the development re- 
quired. 

PROBLEM m. 

To find the development of the half surfisice of 
a right cone, terminated by a plane passing 
through the axis. 

Fig. 5. Let A C E be the section of the cone pass- 
ing along the axis A E, and C E the straight lines 
which terminate the conic surface, or the two lines 
which are common to the section C A E and the 
conic surface ; and let A C be the line of common 
section of the axal plane and the base of the cone. 

On A C, as a diameter, describe a semicircle, 
ABC. From E, with the radius E A, describe the 
arc A F, and make the arc A F equal to the semi- 
circular arc ABC, and join E F; then the sector 
A E F is the development of the portion of the 
conic surface required. 

PROBLEM IV. 

To find the development of that portion of a 
conic surface contained by a plane passing 
along the axes, and two surfaces perpendic- 
ular to that plane. 

Fig. 6. Let A C E be the section of the cone 
along the axis, and let A C and 6 I be the insisting 
lines of the perpendicular surfaces. Find the devel- 
opment A E F, as in the preceding problem. Divide 
the semicircular arc ABC, and the sectorial aic 
A F, each into the same number of equal parts at 
the points 1, 2, 3, &c. From the points 1, 2, 3, &c., 
in the semicircular arc, draw straight lines, lk^2 ly 
3 m, &;c., perpendicular to A C. From the points 
kyl^m^ &C., draw straight lines, /r E, Z E, m E, &a, 
intersecting the curve A C in p, 9, r, fi&c. Draw the 
straight lines pt^ qu^ rv, &c., parallel to one side, E C 
meeting A C in the points t^ Uy v, &c. Also from the 
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points 1, 2, 3, in the sectorial arc A F, draw the 
straight lines 1 E, 2 E, 3 E, &c. Transfer the dis- 
tances pt^ qtij rvj &;c., to 1 a, 2 6, 3 c, &c. ; then, 
through the points A, a, 6, " dec, draw the curve 
A c F, and A c F is one of the edges of the develop- 
ment, and by drawing the other edge, the entire de- 
velopment, A G H, will be found 

NoTB. — This treatise on the subject of Geometry we have 
thought best to insert in the form in which it was first written. It 



is a system in a degree peculiar to its author, and it is, without 
doubt, the production of a laborious research ; and although the 
same conclusions would, in some cases, be arrived at by the more 
direct process of demonstration used at the present day, yet, from its 
extent and completeness, we have concluded, as a whole, that no 
part could be materially changed for the better without seriously 
intruding upon the theories of our yenerable author, and that, too, 
at the expense of interfering with his style of writing, which will 
at once be recognized as the originaL We will state here, that we 
have endeavored, as much as possible, to preserve every idea that 
he has advanced, and that^ too, in his own language. — Editobs. 



PROJECTION OF PRISMS. 



In the annexed definitions and problems, the student will find 
enough to give him a correct and sufficiently perfect idea of the 
nature and importance of this usefdl branch of science ; and he 
will also find occasion to apply the geometrical principles, a knowl- 
edge of which he is presumed to have acquired from the preceding 
pages of the present work. 



DEFINITIONS. 

1. When straight lines are drawn according to a 
certain law from the several parts of any figure or 
object cut by a plane, and by that cutting or inter- 
section describe a figure on that plane, the figure so 
described is called the projection of the other figure 
or object 

2. The lines taken altogether^ which produce the 
projection of the figure, are called a system of rays, 

3. When the system of rays are aU parallel to 
each other, and are cut by a plane perpendicular to 
them, the projection on the plane is called the orthog' 
raphy of the Jigwre proposed. 

4. When the system of parallel rays is perpendic- 
ular to the horizon, and projected on a plane parallel 
to the horizon, the orthographical projection is then 
called the ichru^aphy^ or plan of the figure proposed. 

6, When the rays of the system are parallel to 
each other and to the horizon, and if the projection 
be made on, a plane perpendicular to those rays and 
to the horizon, it is called the elevation of the figure 
proposed 

[In this kind of projections, the projection of any 
particular point or line is sometimes called the seat 
of that point or line, on the plane of projection.] 

6. If a solid be cut by a plane passing quite 



through it, the figure of that part of the solid which 
is cut by the plane is called a section. 

7. When any solid is projected orthographically 
upon a plane, the outline or boundary of the projec- 
tion is called the contour or profile of the projection. 

NoTB. — Although the term orthography signifies, in general, the 
projection of any plane which is perpendicular to the projecting 
rays, without regarding the position of the plane on which the ob- 
ject is projected, yet writers on projection substitute it for elevation, 
as already defined, by which means it will be impossible to know 
when we mean that particular position of orthographical projection 
which is made on a plane perpendicular to the horizon. 

Axiom. — K any point, line, or plane of any origi- 
nal figure or object touch the plane on which it is 
to be projected, the place where it touches the pro- 
jecting plane is the projection of that point, line, or 
plane of the original figure or object 

Proposition. — The orthographical projection of a 
line which is parallel to the plane of projection is a 
line equal and parallel to its original. 

PROBLEMS. 
Plate 16. 

PROBLEM I. 

To project the elevation of a prism standing on 
a plane perpendicular to the projecting plane ; 
given, the base of the prism and its position 
to the projecting plane. 

Fig. 1. Let A B C D, No. 1, be the base of the 
prism ; let H F be the intersection of the projecting 
plane, with the plane on which the prism stands. 

Draw lines from every angle of the base, cutting 
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H F at H, and F will be the projection of the points 
A and C ; the angle D, touching H F at D, is its 
projection. 

From each of the points H, D, F, in No. 2, draw 
the lines H I, D E^ and F O, each perpendicular to 
H F ; make D E equal to the height of the prism ; 
through E draw I 6, cutting H I and F G at I and 
G, which will give the projection sought. 

PROBLEM n. 

To project the ichnography and elevation of a 
square prism, to rest upon one of its angles 
upon a given point A, in the plane, on which 
the ichnography is to be described ; given the 
ichnography A L, of an angle, which the two 
under planes make with each other; the 
angle Ma/, which the angle of the solid 
makes with its ichnography A L ; the inter- 
section A a of one of its ends with the plane 
of the ichnography ;* the angle D A a, which 
one side of the end makes at A, with the in- 
tersection A a of that end ; also given one of 
the sides of the ends, and the length of the 
prism. 

Fig. 2. At the given point A, with the intersection 
A Oy make an angle a AD, equal to the angle which 
one of the sides of the end makes with A a; make 
A D equal to one of the sides of the end ; then on 
A D construct the square A B C D ; through the 
angles of the square B, C, D^ draw lines B H, C I, 
and D M, parallel to A L ; then at the point a, in 
the right Une D M, make an angle Ma Ij with a M, 
equal to the angle of the solid, whose projection is 
A L, with A L ; make a I equal to the length of the 

9 



solid ; through tiie points a and ly No. 1, draw the lines 
a e and I i perpendicular to a Z; through the points 
B and C, No. 2, draw B R and C S parallel to A a, 
cutting D M, produced at R and S ; on a, as a cen- 
tre, with the distances a B, a R, and a S, describe 
arcs P g", R/, and S e, cutting a e. No. 1, at g-, /, e ; 
through the points g, f, e, draw the lines gk% f h^ 
and e t, parallel to a Z) and No. 1 will be completed, 
which wiU be the projection of the prism on a plane 
parallel to A L. Through the points g, /, e, draw 
the lines e E, / F, and g G, perpendicular to D M, 
or A L, cutting D E, C I, and B H, respectively, at 
G, E, F ; also through the points Z, k^ A, i, draw the 
lines Z L, & E, A H, and i I, likewise parallel to A L, 
cutting A L, G M, B H, and C I, respectively, at the 
points L, E, H, and I ; join E F, E G, and H I, 
I E, E L, L H, then will the planes E F H I, 
E I E L, and H I E L represent the ichnography 
of the upper sides of the solid ; and if F A and A G 
be joined, then^wiU FAGE, FALH,andGA 
L E represent the sides of the solid next to the 
plane of projection. Then to project the elevation 
on a plane whose intersection is T U, from F, E, G, 
A, H, I, E, and L, that is, from all the points in the 
ichnography representing the solid angles, draw the 
lines F /, E ^, Gg*, A a, H A, I i, E A;, and L l^ per- 
pendicular to the intersection T U, cutting T U at 

P'i Qi ^9 S*) ^9 ^ ^Q<1 ^ / make p fj q e^g g^nhyO if 
m Z, and k ky at No. 3, respectively, equal to P/, Q e, 
G ^, N A, O t, M Z, and E A, at No. 1 ; then joui 
f dy a gy g Cy e f; e t, i k, k g, k l, and la; and 
fage^geikygkla will be the elevations of the 
outside planes of the solid ; and by joining/ A, and 
A t,/ A i e^fh I a, and i h Ik wiU be the elevations 
of the planes of the solid next to the plane oh which 
the elevation is projected* 
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This 18 one of the most interesting branches of ardhiteetaral sd- 
enoe; or perhaps it may, with more propriety, be termed a branch 
of geometry, for it is ahnost entirely dependent on, and governed 
by, geometrical principles. 

From a knowledge of it the architect is enabled to draught his plans, 
and to give them their true effect, or representation of light and 
shade ; to construct his windows in order to receive light to the best 
advantage, &o., &c. The art of keeping a proper gradation of light 
and sliade on objects, according to their several distances, colors, 
and other cizoumstanceS) is of the utmost consequence to the artist. 



THE EFFECT OF DISTANCE ON THE 
COLOR OF OBJECTS. 

The art of giving a due diminutibn or degradation 
to the strength of the light and shade and colors of 
objects, according to the different distances, the quan- 
tity of light which falls on their surfaces, and the 
medium through which they are seen, is called 
keeping, 

1. When objects are removed to a great distance 
from the eye, the rays of light which they rejflect 
will be less vivid, and the color will become more 
diluted, and tinged with a faint bluish cast, by rea- 
son of the great body of air through which they axe 
seen. 

2. In general, the shadows of objects, according as 
ihey are more remote from the eye, will be lighter, 
and the light parts will become darker; and at a 
certain distance the light and shadow are not distin- 
guishable from each other, for both will seem to ter- 
minate in a bluish tint of the color of the atmosphere, 
and will appear entirely lost in that color. 

3. K the rays of light fall upon any colored sub- 
stance, the reflected rays will be tinged with the color 
of that substance. 

4. K the colored rays be reflected upon any object, 
the color of that object will then be compounded 
of the color of the reflected rays and the color 
of the object ; so that the color of the object which 
receives the reflection will be changed into another 
color. 

5. From the closeness or openness of the place 
where the object is situated, the light, being much 



more variously directed, as in objects which are sur- 
rounded by buildings, will be more deprived of re- 
flection, and, consequentiy, will be darker than those 
which have no other objects in their vicinity, except 
the surrounding objects are so disposed as to reflect 
the rays of light upon them. 

6. In a room, the light being more variously di- 
rected and reflected than abroad in the open air, (for 
every aperture gives an inlet to a different stream,) 
which direction is various, according to the place and 
position of the aperture, whereby every different side 
of the room, and even the same side in such a situa- 
tion, will be variously affected with respect to their 
light, shade, and colors, from what they would in an 
open place when exposed to rays coming in tiie same 
direction. 

Some original colors naturally reflect light in' a 
greater proportion than others, though equally ex- 
posed to the same degrees of it, whereby their degra- 
dation at different distances will be different from 
that of other colors which reflect less light 

The art of keeping a degradation of light and shade 
on objects, according to their several distances, colors, 
and other circumstances, is of the utmost conse- 
quence to the artist. 

In orthographical projections, where equal and 
similar objects stand in the same position to the 
plane of projection, they will be represented similar, 
and of an equal magnitude at every distance from 
that plane ; and, consequently, planes which are par- 
allel to each other would not appear to have any dis- 
tance, so that the representation of any number of 
objects, at different distances from each other, would 
be entirely confused, and no particular object could 
be distinguished from the others ; but, by a proper 
attention to the art of keepings every object will be 
distinct and separate, and their respective distances 
and colors from each other will be preserved. But 
though a proper degradation of light and shade ought 
to be preserved, according to the respective distances 
of objects from each other, artists in general take too 
great liberties with nature : we frequentiy see in the 
drawings of architects the art of keeping carried to 
so great an extreme as to render their performances 
ridiculous. 
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DEFINITIONS. 

1. A body which is contmually emitting a stream 
of matter from itself, and thereby rendering objects 
▼isible to our sense of seeing, is called a humhuMry; 
such as the sm^ or any other body producing the 
same effect 

2. The stream of matter which is emitted from the 
Imninary is called Ught. 

3. A substance or body which light cannot pene- 
trate is called an opaque body. 

4. If a space be deprived of light by an opaque 
body, it is called a shade. 

5. The whole or part of any surface on which a 
shade is projected is called a shadow. 

6. A body which will admit of light to pass through 
it is called a tra/nsparent substance. 

7. A Une of light emitted from the luminary is 
called a ray. 

Proposition 1. — The rays of light, after issuing 
from the luminary, proceed in straight lines. 

Proposition 2. — If the rays of light fall upon a re- 
flecting plane, the angle made by any incident ray, 
and a perpendicular to the reflecting plane, is called 
the angle of incidence, and will be equal to the angle 
that its reflected ray will make with the same per- 
pendicular, called the angle of reflection ; these two 
propositions are known from experiment 

Proposition 3. — If the rays of light fall upon any 
curved surface, whether concave or convex, or mixed 
of the two, the angle of reflection will still be equal 
to the angle of incidence. 

Proposition 4. — Any uneven reflecting surface, 
whose parts lie in various directions, will reflect the 
rays of the sun in as many different directions. 

Demonstration. — If any ray fall upon a part of 
the surface which is perpendicular to that ray, it will 
be reflected in the same line as the incident ray ; but 
the more or less any part of the surface is inclined to 
a ray, falling upon that part of the surface, the greater 
or less angle will the reflected ray make with the in- 
cident ray. For imagine a perpendicular to be erected 
to. that part of the surface where any ihcident ray 
impinges on the surface, it is evident that the meas- 
ure of the angle of incidence is equal to the obtuse 
angle made by the incident ray, and the reflecting 
surface at the impinging point made less by a right 
angle ; but the angle of reflection is equal to the an- 
gle of incidence ; wherefore it follows that the whole 



angle formed by the incident and reflected rays is 
double of the angle of incidence ; and, consequently^ 
a reflecting surface, whose parts lie in various direc- 
tions, wiU reflect the sun's rays in as many directions. 
Corollary. — Hence appears the reason why objects 
and their parts become visible to our sight when im- 
mersed in shade. 



SEAT OF THE SUN'S RAYS. 

DEFINITIONS. 

1. If a given straight Une pass through or cut a 
given plane, and if an imaginary plane be supposed 
to pass through any two points in the straight line, 
perpendicular to the other plane, the angle made by 
the intersection of the two planes and the given 
straight line is called the inclination or altitude of 
the given line on the given plane. 

2. The intersection of the planes is called the seat 
of the given line on the given plane. 

Corollary. — The angle made by a ray of light, 
and the seat of that ray, is the angle of the sun's in- 
clination. 

3. If on the surface of any solid there be any point 
or points in the surface where the sun's rays fall per- 
pendicular, this point or points which the stm's rays 
fall perpendicular to are called points of Ught. 

4. If on the surface of any solid there be any line 
drawn upon that surface, and if the line so drawn 
upon the surface be Ughter than any other line that 
can be drawn upon the said surface, then the line first 
drawn is called the Une of Ught 

6. If the sun's rays faU upon any soUd, and if a 
line or Unes be drawn on the surface of the soUd 
where the sun's rays are a tangent, or upon the place 
or places of the surface which divide the dark side 
from the Ught side, then the line or lines so described 
are called a line or lines of shade. 

6. If the sun's rays be paraUel to any plane, that 
plane to which they are paraUel is called a plane of 
shade. 

PROBLEMS. 

PROBLEM I. 

Given the ichnography and elevation of a prisn^, 
whose sides stand perpendicular to the hori- 
zon, and whose ichnography is a figure of 
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any kind, r^ular or irregular ; given the seat 
of the sun on the ichnography, also on the 
elevation, and the intersection of the plane 
of the elevation with the plane of the ichnog- 
raphy; the representation of the poiut being 
likewise given on the elevation, and also on 
the ichnography, to determine the representa- 
tion of the shadow on the elevation. 

Through the representation of the given point in 
the plane of the ichnography draw a line parallel to 
the seat of the sun's rays on that plane, and produce 
it till it cut the intersection ; from that point on the 
elevation draw a Une perpendicular to the intersec- 
tion ; then through the representation of the given 
point on the elevation draw a line parallel to the sun's 
seat on the elevation, cutting the line that was drawn 
perpendicular to the intersection, and that point will 
be the representation of the shadow on the elevation. 

Plate 17. 

PROBLEM 11. 

Given the altitude and seat of the sun on the 
horizon and the intersection of a plane, mak- 
ing a given angle with the horizon ; to find 
the seat and altitude of the sun on the other 
plana 

Fig. 1. Let D F be the seat of the sun on the 
horizon, and D F G the angle of the sun's elevation, 
E F the intersection of the plane with the horizon, 
and ABC the angle which that plane is to make 
with the horizon. 

Produce D F till it meet E F in F ; through any 
point D, in the seat D F, draw D G perpendicular to 
D F, cutting F G in G ; also, through D draw D K 
perpendicular to E F, cutting E F in E ; through D 
draw D I perpendicular to D K; make the angle 
D E H equal to the given angle ABC; make D I 
equal to D G ; through I draw I H perpendicular to 
E H, cutting it in H; make E K equal to E H; join 
K F ; from K make K L perpendicular to K F ; from 
K make K L equal to H I ; join L F ; then will I K 
be the seat of the sun on the other plane, and K F L 
will be the angle of the altitude. 

K the plane KEF stands perpendicular to the 
horizon, as in Fig. 2, the operation will be more sim- 



ple, as follows, the same letters standing for the same 
things: — 

Make E K equal to D G; join K F; draw K L, 
as before, and make E L equal to D E ; join L F ; 
then will E F be the seat of the sun on the horizon, 
and K F L be the seat of the altitude. 

Plate l§. 

PROBLEM ni. 

Given the ichnography ABCDEFGHIK, 
and elevation L M N O, of an upright prism, 
whose base or ichnography is a regular poly- 
gon, and the seat of the sun's rays on the base, 
to determine the various degrees of light and 
shade on the different sides of the prism. 

Fig. 1. Let P Q, in the ichnography, be the seat 
of the sun ; and if it cut C D perpendicular, then will 
C D be the lightest side of the prism ; the sides D E 
and C B will be a small degree darker, as P Q is 
more inclined to D E and C B ; and in general, ac- 
cording as the sides recede on each side of C D, they 
will be continually darker until they become wholly 
deprived of light ; then suppose the sun's ray to touch 
the side G H, then G H will be the plane of shade, 
or that side where the light will end. 

Much in the same manner may the different de- 
grees of shade be found on the surface of a cylinder, 
as in Fig. 2, where A B C D is the ichnography, and 
G H I E the elevation ; that is, if B P be the direc- 
tion of the sun's rays, cutting the ichnography in B, 
then will B be the lightest place ; and it will be con- 
tinually darker and darker in each side of the point 
B, until it arrives at the point C, where the ray 
touches the side of the cylinder, and there the light 
will end and the darkness begin. 

PROBLEM IV. 

To represent the boundaries of light and shade 
on the elevation of a cone illumined by the 
sun, given the angle that any ray of light takes 
with the base of the cone ; also to determine 
the line of light, or that place on the surface 
that will be the lightest 

Figs. 3 and 4. Let A E D be the elevation of the 
cone, and let F I L G be the ichnography or base of 
the cone ; let F L be the seat of any ray in a plane 
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passmg ihiongh the ads, and let the angles M L F, 
Fig. 3, and L F M, Fig. 4, be the angles which a ray 
of light makes with the base of the cone, and let 
F N L be a section of the cone passing through the 
axis, and through F L ; consequently, the rays M L 
and F M will be in that plane. 

Produce the rays M L and F M, if necessary, until 
they cut the sides of the section N F and N L; 
Fig. 3 will be cut at the points M and L, and Fig. 4 
at the points F and M : bisect each of the lines M L 
and F M ; and through N, the vertex of the cone, 
and the point of bisection, draw N K ; through K 
draw I K G, at right angles to F L ; through the 
points G and F draw the lines G C and F B per- 
pendicular to A D, the representation of the base, 
catting A D at B, and C in the elevation, and join 
B E and C E ; then will B E be the lightest line that 
can be drawn on the surface of the cone, and C E 
will be the representation of a line which will divide 
the light side of the cone from the dark side, and 
B E C will be the representation of half the enlight- 
ened side of the cone. 

rmte 19* 

PBOBLEM V. 

Given the ichnography and elevation of a polyg- 
onal ring, or a ring made of cylinders of 
equal lengths, and making equal angles with 
each other, to determine the representation 
of the boundaries of light and shade on the 
ichnography and elevation ; the sun's altitude 
and seat to the plane on which the ichnog- 
raphy is described being given. 

Let A C be the seat of the sun in the plane of the 
ichnography, cutting the thickness of the ring at A 
and B ; let A C D be the angle which the sun's rays 
make with the plane of the ichnography, or seat A C. 

Bisect A B in c; with the radius c A or c B de- 
scribe a circle ; and through the centre c draw c d 
parallel to C D, cutting the circle at d; also through 
c draw the line a 6 at right angle to c d, cutting the 
circles at a and b; through the points d and b draw 
lines parallel to the sides A and B of the ring ; then 
the dark line nearest to A will represent the line of 
light ; and that which is nearest to B will represent 
that line which separates the light side from the 
dark side. 



To find the lines of light and shade on the next 
side of the ichnography : from the centre C draw 
C E at right angles to the side E, cutting the sides 
E and F at E and F ; through the point A draw 
H A G at right angles to E C, cutting E C at G ; 
from G make G H equal to A D, join H C, and 
bisect E F at c; then with the radius c E on c F 
describe a circle, and through its centre e, draw c k 
parallel to C H, cutting the circle at k; also through 
c draw I? /at right angles to c A; through the points 
k and/, draw lines parallel to the sides E and F ; 
then will the line next to E, that cuts C F at j9, be 
the line of light, and the line next to F the line of 
shade. 

In like manner proceed with the side 1 and E; that 
is, through C draw the line C I at right angles to the 
side I, cutting the sides I and K at I and K ; bisect 
I E at c ; with the radius c I or c E describe a circle ; 
through the point A, as before, draw the line A L 
perpendicular to C I, cutting C I at L ; from L, make 
L M equal to A D ; join M C ; through c draw c m 
parallel to C M, cutting the circle at m; also through 
c draw g h perpendicular to c m, cutting the circle at 
g and h; then through the points m and h draw lines 
parallel to the sides I and E ; then the line next to I, 
which cuts I E at 5, will give the line of light, and 
the line next to E the Une of shade. 

In like manner, to find the common boundary of 
light and shade upon that side of the ring next to 
the ichnography, draw lines through the points OfPig'j 
parallel to the sides A, E,.I, as are shown by the 
dotted lines, which will give lines of shade on the 
under side of each cylindrical part. The lines for 
one quarter of the ring being found, the other quar- 
ter, on the other side of the seat A C, may be found 
from the last quarter, each being in the same order, 
receding from the line A C, or drawing towards it. 
One half being now found, the other half will be 
found by observing that opposite sides of the ring 
are parallel to each other; and, consequently, if one is 
found, the other will also be found ; for the light will 
be at the same distance upon the same sides of that 
which is to be found as that cylinder which is found. 
Then to find the lightest lines on the elevation. Fig. 2, 
and also those lines which will be the boundaries of 
the light and shade, proceed as follows : — 

Through the points w, o, j?, q, draw the lines n N, 
o O, J9 P, ^ Q., perpendicular to the elevation, cutting 
the line P E, which represents a plane passing 
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fhrongh the axes of all the straight cylinders at the 
points P, Q, N, O ; make P H equal iopk; from Q, 
make Q E equal to q e; from N, make N D equal to 
n d; from O, make O A equal to a a; then through 
the points H, D, E, A, Fig. 2, draw lines parallel to 
P K ; then will the lines H and D represent the lines 
of light, and E and A will represent the lines of 
shade. Now, since the side D A, in the elevation, 
Fig. 2, represents the cylindrical part A B on the 
ichnography, and because that the lines of light and 
shade are in the same order on each side of A B,— 
that is, the light and shade will be the same height 
from the plane of ichnography, on each of the cylin- 
drical parts that are equidistant from the cylindrical 
part A B, on each side of it, and, consequently, will 
be represented on each of the cylindrical parts, Fig. 2, 
equidistant from A D, at the same altitude, — then 
make P H and Q. E, the next cylindrical part to the 
centre of the elevation, equal to P H and Q E, on 
the outside cylindrical part, which the side E F, on 
the ichnography, represents ; make S M and R 6, in 
the elevation, equal to 5 m and r g* on the ichnog- 
raphy; the height of the lines on each side of the 
elevation representing the light and shade being 
taken from its corresponding place on the ichnog- 
raphy, as is already shown, wiU complete the lines 
of light and shade on the elevation. 

OBSBEVATIONS. 

1. If the seat oi the sun's rays be drawn, on any 
plane, and if a cylinder lay on that plane with its 
axis perpendicular to its seat, and parallel to the 
plane, the lightest line on the cylinder will be nearer 
the plane in this position than in any other. 2. But 
if the axis of the cylinder make oblique angles, 
then the line of light wiU be higher on the cylinder. 
3. Again : if the axis of the cylinder be parallel to 
the seat of the sun, the lightest line on the cylinder 
in this case will be at its greatest distance from the 
plane, because then the line of light will be where a 
plane passing through the axis of the cylinder cuts 
the upper surface perpendicular to the plane on 
which the cylinder lies ; the line of light in the first 
position of the cylinder is brighter than the Line of 
light in the second position, and the line of light 
in the second position of the cylinder is brighter 
than the line of light in the third position ; the axis 
of the cylinder in all these cases being parallel 



and equidistant from the plane of the ichnogra- 
phy; consequently, the lines of light in the first 
and third positions of the cylinder are the extremes 
of all the varieties which happen between these two 
positions ; that is, the first is the lightest possible, and 
the third is the darkest possible. The boundaries of 
light and shade, called in this book the lines of shade, 
or those lines which separate the light side from the 
dark side, are always at a quadrant's distance from 
each other ; and, consequently, that arc which is the 
under line of darkness in the first position will be 
higher in the sec6nd position, and still higher in the 
third ; and if a plane be made to touch the cylin- 
der upon that line, it will be perpendicular to the 
plane on which the cylinder lies, and, therefore, its 
ichnography will be represented by the edge of the 
cylinder. Now, suppose that cylinder to be turned 
round by moving continually the same way, until the 
axis of the cylinder comes into that position in which 
the axis would be perpendicular with its seat, then 
the line of darkness would be in its highest position. 

Plate 19. 

PBOBLEM YI. 

To find the lightest line, also the line that 
divides the lightest side from the dark side 
on the ichnography and elevation of a cir- 
cular ring. 

Let A C be the seat of the sun, or any line parallel 
to it, passing through the centre C of the ichnogra- 
phy, (Fig. 1,) cutting the thickness of the ring at 
B and H, and let B C D be the sun's altitude ; take 
the point G, at one quarter of the circumference of 
the ring, distant from the point B; and take any 
points E and F in the circumference between B and 
G, and draw the lines E C, F C, and G C, cutting 
the inside of the ring at I, K, and L ; through the 
point B draw the lines B M, B N, and B U, each re- 
spectively perpendicular to E C, F C, and G C, cut- 
ting E C, F C, and G C, at O and P; make O M, 
P N, and C U, on B H, E I, F K, and G L, as diam- 
eters ; describe circles whose centres are a, ft, c, a ; 
through these centres draw the lines c, d^ c, m, c, n^ 
and «r, w, parallel to C D, C M, C N, and C U, cut- 
ting the circles at a, m, n, u^ and c, c, c, w ; also, 
through the centres a, 6, c, v, draw lines i , q^ p, 5, A;, ^, 
and L G, respectively perpendicular to C D, C M, 
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C Ny and C IT, catting the oaide at i, q^pj s^ kj y, 
L and G. 

Through the points ^ m, n, «, draw the lines dj gj 
HI, e, n, o, and tt, Vy perpendicular to the diameters 
B H, E I, F K, and G L, cutting B H, E I, F K, and 
G L, respectively at the points g*, e, o, v ; draw a curve 
which will be part of the line of light for one quarter ; 
also through the points g, 5, y, draw the lines q^ r, s^ t, 
and y x, cutting the diameters at r, tj x; then through 
the points r, f, x^ and L, draw a curve line r t xIa^ 
which will be the upper line of shade for that quar- 
ter, or that line which divides the dark side from the 
light side, upon the upper side of the ring on that 
half which is next to the luminary. 

One quarter being now found of the line of light 
and shade on the ichnography of the visible side of 
the ring, the other three quarters will be found from 
that quarter which is already found, in the same 
manner as in the last problem, and the points D, M, 
N, U, I, P, K, G, also in the elevation of the curves 
D, M, N, U, and I, P, K, G, being drawn, then 
D M N U will be the line of light, and I P E G the 
line of shade. 

Plate 90. 

PROBLEM yn. 

To represent the lines of equal gradation on 
the surface of a sphere given ; the seat of a 
ray of light on the plane of projection, and 
the elevation of the ray. 

Let A B be the diameter of the sphere and seat of 
the sun. Find the centre C, and describe a circle 
with the radius C A or C B ; this circle will represent 
the contour of the sphere. Make the angle A C D 
equal to the elevation of the ray above the seat C A; 
and let C D be produced so as to cut the circumfer- 
ence line in D and E. Draw the lines F G, H I, 
K A, L M, N O, P Q, perpendicular to D E, to cut 
the circle at the points F, G, H, I, K, A, L, M, N, O, 
P, Q; then will F G, H I, K A, L M, N O, P Q be 
the diameters of circles which have equal intensities 
of light around each circumference on the sphere. 
Draw D R, G S, FT, H V, K C, L W, N X, P Y 
perpendicular to B A; then R will be the projected 
point, representing the Ughtest point on the surface ; 
T S is the shorter axis of the ellipsis, and F G the 
greater. Describe the ellipsis aTb Sj which will rep- 
resent a circle of equal intensity of light in every part 



of its circumference on the surfieu^ of the sphere* In 
like manner, if the ellipsis cYdehe drawn, it will 
represent another circle of equal intensity. Proceed 
in this manner, and represent all the intermediate cir- 
cles of the sphere to that, the diameter of which is 
P Q., where a ray of the sun would at any point be 
a tangent, and the representation of this last circle, 
K Y Z, will be the line of separation of light and 
shade; then every succeeding ellipsis towards the 
lightest point R will represent graduating lines con- 
tinually lighter. 

PROBLEM ym. 

Given the ichnography and elevation of a cyl- 
inder, having a square projecture or abacus, 
and the seat of the sun on the ichnography, 
also its seat on the elevation; to fijid the 
shadow of the abacus, also the line of light 
and shade on the cylinder. 

LetAHIELMNOBbe the ichnography of 
the cylinder; D E F G that of the abacus; V Wthe 
elevation of the cylinder ; and E F the elevation of 
the abacus ; let C F be the seat of one of the sun's 
rays on the ichnography, passing through the centre 
C ; draw F o, making an angle with E F, equal io 
the angle which the seat of any of the rays make 
with E F ; through C draw C H perpendicular to 
C O, cutting the ichnography at H ; between the points 
H and O, take any points I, E, L, M, and N; then 
through the points H, I, E, L, M, I^, draw lines B B, 
I Q, E R, L S, M T, N U, parallel to C F, cutting 
H P at P, Q, R, S, T, U ; through the points P, Q, 
R, S, T, U, draw lines parallel to F o ; also through 
the points B, I, E, L, M, N, O, draw lines H A, 1 1, 
E A;, L /, M m, N n, O o, parallel to the sides of the 
cyUnder, cutting P A, Q t, R A;, S /^ T m, XJ 91, F o, at 
the points A, t, A;, ^ m, ?», o ; through these points draw 
a curve, and it will be the shadow of the abacus ; H h 
will be the line of shade, and O o the line of light 

PROBLEM IX. 

Given the ichnography and elevation of a cylin- 
der having a circular projection over it ; the 
seat of the sun on the ichnography ; also its 
seat on the elevation being given ; to find the 
shadow of the projecture on the cylinder: 
also the line of light and shade. 
Fig. 2. Let A D E F G H I Bbe the ichnography 
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of the cylinder, RELMNOPQ the ichnography 
of the projection ; let U T be the elevation of the 
cylinder, and V S that of the projectore; also, let 
C O be the seat of the sun's rays, passing through 
the centre C of the ichnography, and o h the seat of 
the sun on the elevation. ^ 

Through C draw C D perpendicular, cutting the 
circumference of the inner circle at D; take any point 
E, F, 6, I, B, in the circumference ; draw the lines 
B K, E L, F M, G N, H O, I P, and B O, parallel 
to C H, cutting the outward circle at the points K, L, 
M, N, O, P, Q ; from the points D, E, F, G, H, I, draw 
the lines D d, E e, F/, G g*, H A, I i; also, through 
the points K, L, M, N, O, P, Q, draw the lines K A:, 
L /, M m, N n, O o, P j9, Q g, cutting V S it the 
points ky /, m, n^ a, jf , q ; through the points A;, /, m^ n, 
o, J9, 9, draw k d^l eymfyU g^o h^p i^ parallel to o A, 
cutting the lines D cZ, E e, F/, G g*, H A, 1 1, at the 
points d, e^fygy A, i; a curve being traced through 
these points will be the representation of the shadow 
upon the cylinder ; D d will be the line of shade, 
and H the line of light 

Plate 91. 

PBOBLEM X. 

The ichnography and elevation of the prism 
standing upon a polygonal base, having the 
projecture or cap of the same figure upon it, 
projecting equally over its sides; given the 
seat of the sun's rays on the plane of the 
ichnography, and also on the elevation; to 
project the shadow of the cap on the prism, 
and also on a plain parallel to the axis of 
the prism. 

LetAB CDEFGbe the ichnography of the 
prism, H IJ K L M N the ichnography of the cap 
W A and G P, parts of the ichnography of the plane 
on each side of the prism, J W be the projection of a 
ray on the ichnography, and j w on the elevation. 
From all the points H, I, J, K, L, M, N, in the ich- 
nography of the angles of the cap, draw the lines 
HA, I f , J y, E &, L 2^ Mm, N n, perpendicular to 
W P, to cut the under side of the cap at A, t,/, ky ly 
m, 91. Draw the lines A4 a, B5&, CGc, D7<2,E8 6, 
F 9/, G 10 g*, perpendicular to W P, cutting the bot- 
tom of the prism at 4, 5, 6, 7, 8, 9, 10, then the lines 
4 a, 5 (, 6 c, 7 <2, 8 e, 9/, 10 gy represent the angles 



on the elevation. Draw the lines H Z, I X, J W, 
K Q, L R, M T, N U, paraUel to J W, cutting the 
ichnography of the plane at the points Z X W, and 
the ichnography of the prism at Q, R, T, U. Through 
the points A, t,y, ky /, m, n, the projection of the an- 
gles of the cap ^ on its under edges, and parallel to 
j Wy draw the projections of the rays A z, % Xyj w, k q, 
Irytntynu. Draw the perpendiculars Zz,XxyW Wy 
Q g, R r, T tyJJ Uy then the points z, Xy Wy are the 
projections of the angles of the cap on the plane, and 
qy r, ty Uy thc projection of the other angles on the 
elevation of the prism. Draw C Y, to touch the 
prism at C, and draw Y y perpendicular to W P, 
then Y y will be the termination of the shadow of 
the body of the prism on the wall. Then, because 
that the point q is in the plane 6 cd7y the point r in 
the plane 7 d e 8y and the points t and u, in the plane 
9 fg lOy and the lines j, k, ly m, », parallel to these 
planes, the Unesj, ky ly m, thy will make parallel shad- 
ows ; therefore, draw q Cyf dytUy parallel to j, ky ly or 
w 71, to cut c 6 in e. A; 7 in d, and G g* at w / join Aq; 
then, to find the depth of the shadow of Im on the 
elevation, draw 4* ^ on the ichnography parallel to 
J W ; draw Sf Sc perpendicular to W P, likewise Sf s, 
parallel to the ray on the elevation, and S s parallel 
to the axis of the, prism ; then s is the depth of the 
shadow; but as the projections of the extremities of 
/ m fall upon the adjacent planes at r and ty draw 
e f through 5, cutting 8 e at e, and 9/ at f ; then join 
e r, f ^. Lastly : draw G V on the ichnography par- 
allel to W J, cutting the projection of the cap at V ; 
draw V v perpendicular, cutting the cap at t;, and 
draw V g parallel to the rays on the elevation, and 
join u g ; then c^d, ref^wg wiU be the shadow 
of the cap on the elevation ; but as the shadow of the 
parts of the abacus H I, IJ, will be from the top of 
the cap, make «r 1, rz; 2, z 3, parallel to the angles of 
the prism on the elevation, and equal to the thick- 
ness of the cap. Join 1, 2 ; 2 ; 2, 3 ; then will 3, 2, 
\ w y he the shadow of the abacus on the walL 
Through g draw g m and k i in the same straight 
line with g m, cutting 3 2 at k ; then i k 3, / «r ^, is 
the complete shadow of the cap on the plane. 

Much after the same manner may the shadow of 
a cyhnder be found, having a circular projection over 
it, as is shown at Fig. 2, and also the shadow of the 
cylinder projecture may be found on a plane parallel 
to the axis of the cylinder, having the same thing 
given as before ; but for more easy inspection, letters 
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are placed on the ichnography and elevation, repre- 
senting the coiresponding parts of each other ; that 
is, capital letters are placed on the ichnography, and 
small letters of the same name on the elevation, 
representing those of the same name on the ichnog- 
raphy. 

PROBLEM XI. 

Given the seat and altitude of the sun on any 
plane, also the seat and altitude of a line to 
the same plane ; to determine the shadow of 
the line upon that plane. 

Let K L be the seat of the line upon the plane, 
and O H, Fig. 3, the angle which the line makes 
with its seat ; make the angle MEL, Fig. 2, equal 
to the angle H G I ; through L draw L M, perpen- 
dicular to E L, cutting E M at M ; also, through L 
draw L O parallel to the seat of the sun. Again : 
through L draw L N perpendicular to L O, and 
make L N equal to L M ; then upon the right line 
L N, and from the point N, make the angle L N O 
equal to the complement of the angle of the sun's 
inclination to a right angle ; produce N O, cutting 
L O at O ; then join the points E and O, and the 
line E O will be the shadow required. 

This problem will be found of great use in finding 
the shadows upon inclined planes. 

NoTB. If the seat and altitude of the sun be given on any other 
plane, making a giyen angle with the plane on which the shadow 
is to be projected, the sun's altitude and seat may be found by 
Problem II. 

PROBLEM XII. 

Given the seat and angle of inclination of the 
sun on the horizon, and the intersection of 
a plane perpendicular to the horizon ; to de* 
termine the angles which a plane of shade, 
made by a right line, parallel both to the 
horizontal and perpendicular planes, will 
make with each of the planes. 

Let A B be the seat of the sun on the horizon, and 
A A D, as Fig. 1, the angle of inclination to the seat 
A B, and let C B be th6 intersection of a plane per- 
pendicular to the horizon ; take any point C in C B, 
and froin C draw C A perpendicular to C B, cutting 

A B at A ; from A, draw A E peip^ndicular to A C, 

10 



and A D perpendicular to A B, cutting D B at D; 
make A E equal to A D, and join C E ; then will 
the angle B C E be the angle which the plane of 
shade makes with the perpendicular plane, and the 
angle AC E the angle which the plane of shade 

makes with the horizon. 

« 

This problem will be very useful in shading mould- 
ings which project from planes that stand perpendic- 
ular to the horizon, the sun's altitude and seat being 
given to the horizon, as will be shown in the next 
problem. 

Plate 99. 

PROBLEM Xin. 

A moulding of any kind being given, and the 
angle which a plane of shade makes with a 
perpendicular part of the moulding, either 
being given or found by the last problem, 
having the sun's altitude and seat on the 
horizon; to determine the shadow on the 
moulding. 

Let the ovolo, fillets, and hollow. Fig. 1, be the 
given moulding ; draw C D parallel to the inclination 
which the plane of shade makes with the vertical 
part of the moulding, touching the ovolo at C, and 
cutting the vertical part below D ; then a Une drawn 
through D perpendicular to the fillet will give the 
lower edge of the shadow, and an imaginary line, 
supposed to be drawn through C, will give the line of 
shade ; and if a line is drawn through A, the lower 
edge of the fillet above the ovolo pareJlel to C D, 
cutting the ovolo at C, then a hne being drawn 
through B, parallel to the fillet, will give the edge of 
the shadow from the fillet 

Much in the same manner, may the shadow upon 
the dma reversa and cima recta be found, as shown 
by the dotted Hnes. 



ON MOULDINGS 

Plate 99. 

The form or shape of mouldings, in most cases, 
may be ascertained from the various degrees 
of light and shade upon them, without ob- 
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serying the profiles; which will appear en- 
dent from the following observations: — 

Observations on Smfacesy (md their Power to reflect 

Light. 

It has already been observed m the second propo- 
sition) that if the snn's rays fall upon a reflecting 
plane, the angles made by the reflected rays, with 
perp^idiculars at the impinging points, will be equal 
to the angles made by their corresponding incident 
rays with the said perpendiculars ; so that the rays 
in this case will have only one direction affcer reflec- 
tion : but by experiment we are shown that there is 
no such thing as a perfect plane ; for, if a surface is 
even polished to the greatest degree, yet this polished 
surfietce will be but rough and uneven ; for, if viewed 
through a microscope having a great magnifying 
power, the surface will appear quite irregular, and 
the different parts of the surface will be inclined to 
any fixed plane, in all manner of directions; and, 
oonsequently, if the sun's rays fall upon such a sur- 
face, the rays will not be entirely reflected in the same 
direction, but a great part of them will be reflected 
in all manner of directions by the different positions 
of the surface, by Proposition IV. It may be ob- 
served, that the higher any surface can be polished, 
the necurer it approximates to a plain, and, conse- 
quently, the rays will be more and myre reflected in 
the same direction; but there is no surface which 
will reflect the sun's rajrs entirely in the same direc- 
tion ; that is, parallel to each other ; but a great part 
€xt them will be reflected in all manner of directions : 
it win be also necessary to observe, that the power 
of reflection will depend very much on the lightness 
of the color of materials ; for the darker any sub- 
stance iS; the more will the rays of light be absorbed 
in tiiat substance, and, consequentiy, will have a less 
power to reflect 

White, being the lightest of all colors, will reflect 
the most rays ; and the more any substance inclines 
to a white, the greater power will that surface have 
to reflect the rays of light. 

CASE I. 

Observations on Mouldings in Shade. 

If the sun's rays fall upon any building, also upon 
the ground or horizon below the building, and if 
there are any projectures from the building, such as 
mouldings or other ornaments, and if any of the 



parti of those mouldings or ornaments are entirely 
in shadow by the projecture of something else which 
prevents the rays of the sun £ix>m fedling upon them, 
those parts of the mouldings which are in shade wiU 
become visible; for, besides a reflection from the 
ground, there will be a strong reflection from the 
surface of the building, immediately under the 
mouldings or ornaments. It has already been ob- 
served, that these rays will be reflected in all direc- 
tions, and, consequently, a part of them vdll be re- 
flected upvirardfl on the mouldings above, and, there- 
fore, will show light and shade on the mouldings 
according as the reflected rays fall, more or less, per- 
pendicular on their surfrices. 

Hence the reason why all perpendicular sides of 
fillets wiU be darker in shade than the horizon- 
tal sides. 

An ofofo, having a projecture over it, so as to pre- 
vent the sun's rays from falling upon it, the reflected 
rays being more and more inclined from the under 
edge towards the upper edge, will be lightest below, 
and will be gradually darker and darker upwards. 

A cavetto or hollow, immersed in shade, will, for 
the same reason, be darkest below, and will be con- 
tinually lighter to the upper edge. 

A cima reversa, in shade, will be darkest above and 
below, and lightest in the middle ; for this moulding 
is composed of an ovolo above and a cavetto below. 

A cima recta, in shade, will be lightest above and 
below, and darkest in the middle. 

These are general rules for shading horizontal 
mouldings. 

CASE u. 

Observations on vertical Moulding'S. 

All upright perpendicular mouldings, in shade, or 
being in part so, will receive a reflection from those 
surfaces which are next to them ; for they cannot 
receive a reflection from the contrary side, by reason 
of their projection, which will prevent the ray, re- 
flected from that side, from falling on them. 

Therefore, it is plain, in these cases, tiie forms of 
mouldings may be known by reflection. 

Artists give this rule for shadowing: that is, to 
shade all mouldings or other ornaments which are in 
shade, inverse to those on which the sun's rays fall, 
from the contrary side of the reflected rays. But this 
rule is not only very uncertain, depending much on 
the situation of other objects which surround these 
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moxiIdingB or omamentB, but in some cases very erro- 
neous, as in the example of mouldings perpendicular 
to the horizon ; for mouldings in this situation, as has 
been observed, will receive a reflection from that side 
which is next to the front of the moulding, if some- 
thing else does not project to a great distance from 
that surface from which the reflection comes. K a 
cylinder or column is attached to a wall in a vertical 
position, and if it has any projecture over it, so as to 
cause that part under the projecture to be in shade 
quite round the cylinder, there will not only be a re- 
flection from the waU on the contrary side of the 
cylinder, to the sun upon that side of the cylinder 
which is next to it, but also from that part of the wall 
on that side of fhe cylinder next to the sun, which 
will make that part of the cylinder which is in shadow 
lightest at the two sides and darkest in the middle. 
Something of the same kind may be seen in Ionic 
columns attached to a wall, where it may be observed 
when the sun shines upon one side of them ; suppose 
that side of the column which is on the right hand, 
then the right hand volute will throw a shadow upon 
the light side of the column, which shade will be 
lightest on that edge which is next to the wall and 
to the luminary, and darkest at that edge next to the 
middle of the column. 

CASE ni. 

Observations on Mouldings in Shade^ when situate on 
the Side of cm Object which is entirely in Shade^ 
and also the Ground under that Side in Shade. 

In one building where one end or side is entirely 
in shade, and also a great part of the ground under 
that end in shade, there wiH be little or no reflection 
from the ground upwards, nor from the surface of 
the building, and, consequently, little reflection upon 
the mouldings from below ; the only light which they 
receive is from a kind of scattered or confused rays 
in the atmosphere, and small reflections from the 
horizon ; and, therefore, horizontal mouldings, or or- 
naments, in this situation, which have but small pro- 
jectures over them, will have a contrary effect to 
mouldings in shadow situate on the light side of an 
object 

An ovoloj placed horizontally, and whose greatest 
projecture is upwards, upon the dark side of an ob- 
ject, will be lightest above, and continually darker and 
darker to the under edge. 



A cavetto^ having its greatest projecture upwBldiB, 
placed horizontaUy on the dark side of an object, will 
be darkest above, and continually lighter and lifter 
to the under edge. 

A cima reversa, placed horizontally on the dark side 
of the object, having its greatest projection upwards, 
will be darkest in the middle, and lightest above and 
below. 

A cima recta, whose greatest projecture is upwards, 
and placed horizontally, will be darkest above and 
below, and lightest in the middle. 

All horizontal projectures on the dark side of an 
object will condense the shade under them, and, con- 
sequently, will appear more or less dark according 
as the projecture is more or less. 

These are general rules for shading mouldings on 
the dark side of an object from scattered light ; how- 
ever, there are some exceptions to these rules — that 
is, when any of these mouldings have a very great 
projecture over them, this projecture will hinder the 
scattered rays from falling upon the mouldings ; but 
as they will receive a small reflection from the hori- 
zon below, the most of the scattered and reflected 
rays will fall obliquely on the moulding; thus the 
lighted place of an ovolo will not be exactly on 
the under edge, but somewhere between the under 
and upper edge, and will be nearest to either, ac- 
cording as the shadow on the ground is less or 
more distant from that side of the object, and ac- 
cording as the projecture over the moulding is 
more or less, and also according to the position 
and distance of other surrounding objects ; all these 
different circumstances combining together wiU vary 
the places of light and shade on horizontal mould- 
ings, which are situate on the dark side of an 
object. 

An horizontal cavetto on the dark side of an object 
having a projecture over it as before, the lightest 
place will be somewhere between the upper and 
under edge, as in the ovolo, and both mouldings 
would have actually the same appearance if their 
profiles could not be observed, when most of the 
scattered and reflected rays are in a plane, making 
equal angles with the horizon, and with that side 
of the object in shade — that is, forty-five degrees 
with each other; and, consequently, mouldings in 
this situation will be less distinct than mouldings 
in shade on that side of the object which the sun 
shines on. 
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Hurther Observations on the Effect that reflected Lig'ht 
will have on Cornices which have Modillions or 
MutuleSy Dentils, ^c, or any other projecting^ Or^ 
naments of a Nature simila/r to them. 

The reflected light from the ground and from the 
object being scattered in all directions, it will there- 
fore follow, if there are any projecting parts from 
mouldings or cornices, which are in shadows, such 
as mutules, modillions, dentils, &c., these projecting 
parts will hinder a great part of the scattered rays 
from falling in the spaces between them ; and there- 
fore the spaces will be deprived of reflection, and, 
consequently, will be much darker than the promi- 
nent parts, even if these prominent parts were also 
in shadow. 

For this reason, the intervals between mutules, mo- 
dillions, dentils, &c., are darker than on their fronts, 
for every projecture will condense the shadow on 
each side of it, if recessed on both sides ; therefore, 
the spaces will be lightest in the middle, and darkest 
nearest to the edges of the mutules, modillions, den- 
tils, &c. : but to show on which side of the mutules, 
&c., the greatest shade would fall, according to the 
place of the luminary, would be almost impossible, 
as it depends so much on the situation of other ob- 
jects. But suppose all the surrounding objects in the 
vicinity to be removed, and the ground and building 
to be of a light color, and suppose the rays to pro- 
ceed from the right to the left hand of the object, and 
parallel to a vertical plane which is inclined at an 
angle of forty-five degrees with the elevation of the 
object ; then it is plain that, since the angle of reflec- 
tion is equal to the angle of incidence, the greatest 
part of the rays which fall upon the horizon will be 
reflected from the ground parallel to the vertical 
plane ; and seeing that the vertical plane would be 
on the right hand of another vertical plane, perpen- 
dicular to the face of the object and to the horizon, 
it follows that most of the rays will come from the 
right hand, and be reflected towards the left on the 
object ; and, consequently, any projectures from cor- 
nices, as mutules, &c., which are in shadow, will con- 
dense oi darken the shade upon the left hand of the 
projecture, and that vertical side of the mutules 
which is next to the luminary will be lighter than the 
other vertical side on the left of the mutule, &c. As 
to the direction and effect which most of the re- 
flected rays would take from the face of the object. 



imagine a plane parallel to the sun's rays, and per- 
pendicular to the face of the building or object; then 
most of the rays will be reflected from the building 
or object downwards, parallel to this last-mentioned 
plane ; and that part of those rays which are reflected 
upwards would take no particular direction to the 
right or to the left, and, therefore, would cause no sen- 
sible difference upon the vertical sides of the mutules, 
but would reflect most light upon the horizontal or 
under sides, &c. 

What has now been said of mouldings in shade 
having projectures from them, or of the recessed parts 
of any object, will apply to ornaments in shade which 
are deeply relieved; for their recessed parts, according 
to the foregoing observations, will be deprived of reflec- 
tion by the more prominent parts of them ; they will, 
therefore, be darkest in their receding parts, and light- 
est on the prominent parts. 

Observations on the Shades of Prqjecttires from 
Building's, or from any other plain Surface which 
is made of light Materials. 

If there is any vertical plane, and if a rectangular 
prism is attached to that plane, having two of its 
sides parallel to the plane, — and, consequently, the 
other two sides perpendicular to it, — then, if the sun- 
shine on the plane be on either side of the prism, the 
other opposite side of the prism will cause a shadow 
to be projected from its edge upon the plane ; and if 
the shadow upon the plane be of no considerable 
breadth, and if the plane be extended at any consid- 
erable distance beyond the shadow, then the lightest 
part of the plane on which the rays fall will reflect 
a great part of the rays towards the prism ; but as 
these reflected rays will not fall upon the shadow, it 
will be deprived of reflection ; but as the side of the 
prism which projects the shadow is opposed to the 
reflected rays, that side of the prism will receive a 
strong reflection, which will cause it to appear much 
lighter than the shadow it throws on the plane ; but 
if the shadow be projected farther on the plane, it will 
diminish the reflecting surface behind the prism, and 
will also cause the reflecting surface to be at a greater 
distance from the side of the prism, and, consequent- 
ly, will receive less reflection from the plane ; and, in 
general, the reflection on the prism will be continually 
diminished, according as the shadow on the plane is 
increased, till at last there will be no difference be- 
tween the shadow on the plane and the side of the 
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piiflm which projects that shadow ; and if the plane 
be entirely deprived of light, by the extensive breadth 
of the shadow, the side of the prism will in general 
be darker than the shadow on the plane: but this 
'will depend very much on the situation of other 
objects. 

A building consisting of light-colored materials, 
having a break in the front which projects a shadow 
on the building, at a small distance from the break, 
vriU, for the reason before mentioned, be much lighter 
on the side of the break than the shadow projected 
by it on the building behind it ; also, columns which 
are attached to a wall will project a darker shadow 
on the wall than any part of the columns which 
throw the shadow, provided that the shadow is not 
any considerable distance from the column ; for, ac- 
cording to the above observations, the broader the 
shadow, the less the column will appear to be relieved 
from it. 

Observations on the light Side of the Prism, cmd the 
Effect that a Reflection from the Horizon a/nd from 
the Object mil have on the Plane behind the Prism. 

The rays of the sun being reflected from the, hori- 
zon in all directions, the projecture of the prism will 
prevent a part of the reflected rays from proceeding 
to the plane behind the prism, and, consequently, the 
plane would be something darker than the face of 
the prism which is parallel to it ; but the side of the 
prism adjoining to the plane will throw a reflection 
upon the plane, and, therefore, it would be difficult to 
perceive the difference between the face of the prism 
and the plane parallel behind the prism. As to the 
difference of light between the side of the prism, 
which is perpendicular to the plane, and the plane, it 
will very much depend on the situation of the lumi- 
nary ; for if the luminary is in a plane equally in- 
clined to both, there will be nearly the same degree 
of light on each ; for very little difference will arise 
from the reflection, except the luminary is more in- 
clined to one surface than another; and then that 
surface will be darker than the other, according to the 
obliquity of the rays of the sun on that surface. 

PROBLEM I. 

Plate 94. 

Given the ichnography and elevation of a base 
and capital, and the seat of the sun's rays 



on the ichnography, and on the elevation; 
to project the shadows caused by the several 
parts of itself, and the line of shade upon 
the base. 

Imagine the object to be sliced, or cut, by as many 
planes, parallel to the axes of the columns,* and to 
the sun's rays, as may be thought convenient for the 
purpose : then it is plain, if a ray of light enter any 
of those planes, that every part of the ray wiU be in 
that plane, and that the projecting parts upon the 
edges of these planes will withhold the rays from a 
part of the edge of the plane ; and the lowest point 
of that part will give the edge or projection of the 
shadow of the part which throws the shadow : then, 
if a sufficient number of these points are found, a 
line drawn through them, with a steady hand, will 
give the shadow ; the line of shade will be found by 
drawing lines to touch the several sections parallel to 
the seat of the sun's rays on the elevation ; and a 
line being drawn through the points of contact of 
the sections, will give the line of shade. 

Let H I K be the ichnography of the abacus; 
H S K the ichnography of the ovolo ; and M P L 
that of the astragal ; the lines G Y, F X, E W, D V, 
C U, B T, and A S are lines drawn parallel to the 
ichnography, cutting the front I K, of the abacus, and 
from the seats on the ichnography, and the several 
seats on the elevation, the shadows may be described, 
as is shown in the elevation : then lines are drawn to 
touch the most prominent parts of those sections; 
and the places where they cut the other parts of the 
sections will be the projections of the several points 
as before, and a line being drawn through these points 
will give the shadow. 

The part G F E is the shadow from the abacus, and 
D C B the shadow from the ovolo ; thus the point g in 
the elevation is the shadow of P; /is the shadow of 
N, and E the shadow of m; and the shadow of the 
other part of the abacus would be where the dotted 
curved line is represented ; but as the sun shines on 
the ovolo, in the middle of the abacus, it will throw 
the shadow lower than the dotted lines. This will 
be found by drawing lines to touch the several sec- 
tions, which will give the points B, C, D. 

* It is not absolutely necessary to suppose the plane parallel to 
the axis of the column, as in this problem ; but the sections formed 
by planes in this position are more easily found than in any other, 
for which reason I prefer the above position of planes. 
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NoTB. — That the line of shade on the toroa might hare been 
fonnd in a very different manner than ia shown in this example, 
may be seen by the cixonlar ring, plate 19. 

Much after the same manner may the shadow and 
lines of shade be fomid on the attic base, as is shown 
in plate 24. 

PBOBLEM U. 

Plate 95. 

Fig. 1. To find the shadow of a cylindrical 
recess in a wall, whose axis is perpendicular 
to the plane of the wall ; haying the seat of the 
sun's rays on the ichnography and elevation. 

Let Fig. 1 be the elevation of the wall, and C D 
the diameter of the cylindrical recess ; and let E F O H 
be the ichnography ; bisect C D at a ; draw A a per- 
pendicular to E H, cutting it at A ; through A draw 
A B parallel to the seat of the sun's rays on the ich- 
nography, cutting F O at B ; through B draw B b 
parallel to A a; and through a draw a b parallel to 
the seat on the elevation, cutting B 6 at 6 ; then on 
B as a centre, with one half of C D, describe a part 
of a circle, as is shown by the dark line, and it will 
be the edge of the shadow. 

Much in the same manner may the shadow of a 
recess, which has a back parallel to the plane of the 
wall, be found, as is shown at Fig. 2. 

PROBLEM m. 

ilg. 3. To find the shadow of a recess con- 
structed as in Fig. 2, when the sides of the 
ichnography are inclined to the intersection 
of the two planes of the ichnography and 
orthography given, the intersection of a num- 
ber of planes passing through the luminary 
perpendicular to the plane of the elevation. 

Let Z 6, W Y, T V, and Q S be the intersection 
of as many planes passing through the sun perpen- 
dicular to the elevation, and let Q R be the projec- 
tion of one of the sun's rays on that plane ; also, let 
H I be the seat of the sun on the ichnography, cut- 
ting the back F G of the elevation at I ; firom I draw 
I N perpendicular to I £^ the common intersection of 
the ichnography and orthography; from M, draw 
M N parallel to Q R, cutting I N at N ; through N 
draw N O parallel to M U ; on O as a centre, and 
with the distance O N, describe the arc N R, cutting 



the side of the recess at B; through the points S, V, 
Y, 6, draw 8 R, V U, Y X, and B a, parallel to I d; 
and through the points Q, T, W, Z, draw the lines 
Q R, T V, W X, and Z a, cutting the Unes 8 R, 
V U, Y X, and B a, at the points U, X, a; then 
through the points R, U, X, a, draw the curve 
R U X a, and the Hue I N R U X a will be the 
edge of the shadow required. 

PROBLEM rV. 

Fig. 4. To find the shadow of a hemisphere 
niche; given the seat and altitude of the 
sun's rays on the elevation. 

Let I N, G M, E L, and C O be lines parallel to 
the seat of the sun's rays ; and on these Unes, as 
diameters, describe semicircles I K N, G H M, and 
E F L ; draw the line A B, bisecting O C; from any 
of the points C, E, G, I, as C, make the angle O C D 
equal to the sun's altitude, cutting the side of the 
niche at D ; through the other points E, G, I, draw 
E F, G H, and I K, parallel to C D, cutting the semi- 
circles E F G, G H M, and I K N, at the points 
F H K ; through the points D, F, H, K, draw lines 
D d, F /, H A, and K A:, perpendicular to the diam- 
eters, cutting them at the points d, /, A, k; and 
through the points A Ac, A,/, d, draw a curve, which 
will be the edge of one half of the shadow, from 
which the other half may be drawn, as is shown 
by the figure ; and this will give the shadow com- 
plete. 



OBSERVATIONS. 

I have given one example of the effect of light and 
shade on mouldings of different curvature: I shall 
endeavor to show the effect of light and shade also 
on many other examples, especially on the five orders 
of Architecture. 

From what has been said on this subject, many 
practical and useful rules in shadowing may be de- 
duced ; but as I have far exceeded the bounds first 
assigned for this part, I must end with observing, 
that, from a consideration of the foregoing examples, 
the shadows of all objects, however complicated, may 
be found, as every object may be considered as com- 
pounded of prisms, cylinders, spheres, and annuluses ; 
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therefore, each part being projected separately, ac- 
cording to the roles for its particular kind of figure, 
the projection of all the shadows in that object will 
be completed. 

Although I have given correct methods for shad- 
owing, I have no reason to think that the artist will 
always be at the trouble to project his shadows, for 
as drawings, in general, are shadowed to an angle of 
forty-five degrees, and as I have made choice of that 
angle, he will still find these examples to be his only 
guide in practice, as all the forms will be sufficiently 



near when copied by the eye and drawn by the hand 
of a judicious artist. 

Note. — The treatise on shadows, like the preceding, has not been 
changed, but has been inserted in the form and manner in which 
it came from the author's pen. We shotild have been pleased to 
have inserted a few plates, to elucidate more fully the effect of light 
and shade upon different objects ; but as this could not be done with- 
out swelling our Tolume to a much larger extent than was at first 
designed, we have giyen the original as it was in the previous edi- 
tions. For those who may wish for a more extensiye knowledge of 
shadows, we would refer them to Qwilt's Shades and Shadows, as 
being one of the dearest and most comprehenslTe works on the 
subject with which we hsye eyer met. — Eduobs. 
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Although, as obeeired in the Introduction pf this work, (to which 
the student is referred,) the shaft of a column may not admit of any 
ornament on its body, yet in the base and capital various ornamen- 
tal parts are introduced, which are called mouldings, because they 
are always of the same shape, as if they proceeded from the same 
mould or form. Mouldings are generally divided into Grecian and 
Boman, with reference to the existing remains of the architecture 
of those nations. The difference consists in this, that the Bomans 
usually employed segments of circles in their ornaments, while the 
Greeks often introduced parts of an ellipsis, or some other section 
of a cone, yarying from the circle. 

The regular mouldings are variously disposed in different orders, 
and may reasonably be supposed to have had their origin in the in- 
genuity of man rather than in any essential necessary law in nature 
or art. The annexed figure represents their fbrm and charaoter. 
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The fillet, listel, annulet, or square. 

Astragal, or bead. 

Torus, or tore. 

Scotia, trochilus, mouth, or casement. 

Echinus, ovolo, or quarter round. 

Grecian echinus. 

Inverted cyma, talon, or ogee. 

Cyma recta, or cymatium. ' 

Cavetto, or hollow. 



Of these, the Roman ovolo and cavetto are never found in Gre- 
cian architecture, nor the Greek echinus in that of the Boman ; the 
rest they poeseas in common. 





DEFINITIONS. 

1. Mouldings are figures composed of various 
curves and straight lines. 

If the mouldings are only composed of parts of a 
circle and straight lines, they are called JRonumy be- 
cause the Romans, in their buildings, seldom or 
never employed any other curve for mouldings than 
that of a circle ; but if a moulding be made part of 
an ellipsis, or a parabola, or a hyperbola, the mould- 
ings are then in the Grecian taste. 

Corollary. — Hence it appears that mouldings in 
the Greek taste are of a much greater variety than 
those of the Boman, where only parts of circles are 
concerned. 

Mouldings have various names, according to the 
manner in which they are curved. 

2. The straight-lined part under or above a mould- 
ing, in general, is called a fillet 

3. If the contour of the moulding be convex, and 
a part of a circle, equal to or less than a quadrant, 
then the moulding is called a Romcm ovohj or an 
echinus^ such as Fig. B, plate 26. 

4. If the contour of the moulding be concave, and 
equal to or less than a quadrant, it is called a cavetto 
or hoUoWj such as Fig. D, plate 26. 

Corollary, — Hence, a cavetto is just the reverse of 
an ovolo. 
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5. A bead is a monlding, whose contour is simply 
a convex semicircle. 

6. If the contour be convex, and a complete semi- 
circle or a semi-ellipsis, having a fillet above or below 
the moulding, it is called a torus^ as Fig. A, plate 26. 

CoroUary. — Hence, a torus is a bead with a fillet, 
and is more particularly distinguished in an assem- 
blage of mouldings from a bead, by its convex part 
being much greater. 

7. K the contour of a moulding be a concave semi- 
ellipsis, it is called a scotia^ as Fig. 2, No. 2, plate 28. 

8. K the contour be convex, and not made of any 
part of a circle, but of some other of the conic sec- 
tions, having a small bending inwards towards the 
top, the moulding is called a Grecicm ovolo or echi- 
wus^ such as Fig. 1, Nos. 1, 2, 3, 4 ; Fig. 4, Nos. 1, 2, 
and 3, plate 29. 

9. If the contour be partly concave and partly 
convex, the moulding in general is called a cimatium^ 
such as Fig. 2, Nos. 1 and 2 ; Fig. 3, Nos. 1 and 2, 
plate 29. 

10. If the concave parts of the curve project be- 
yond the convex part, the cimatium is called a dma 
recta ; such as Fig. 2, Nos. 1, 2, and 3, plate 29. 

11. If the convex part project beyond the con- 
cave, the cimatium is called a dma reversa or og^ee^ 
as Fig. 3, Nos. 1, 2, and 3, plate 28. 

12. The bending or turning inwards of a small 
part of the convex curve of a Grecian moulding is, 
by workmen, called a quirk. 



ROMAN MOULDINGS. 

Plate 96. 

To describe an ovolo in the Roman taste ; the 
projections at a and b being given at each 
extreme of the curve. 

Figs. A, B, and C. Take the height of the mould- 
ing ; on the points a and 6, as centres, describe an arc 
at c ; on c, as a centre, with the radius c a or c bj 
describe the arc a 6, and it will be the contour of the 
moulding required. 

To ddsciibe a cavetto, having the extremes of 

the curve. 

Fig. D. The cavetto is described in the same man- 
ner, but on the opposite side. 



To describe a hollow, to touch with two straight 
lines, 6 d and d a, one of them at a given 
point a. 

Figs. E and F. Let d be the point of their meet- 
ing; make d b on the other line equal to d a; firom 
the points a and b draw perpendiculars to each of 
the lines d b and d a, meeting at c ; on c, as a centre, 
with the radius c b or c a^ describe an arc b a, and it 
is done. 

To describe a cima recta, the projections at a 

and b being given. 

Fig. G. Join a b; bisect it at e; then on the 
points a and b describe arcs meeting each other on 
the opposite sides at c and d; on the points c and d^ 
with the same radius, describe the opposite curves 
a e and e eZ, and it is done. 

Fig. H. The cima reversa is described in the same 
manner, but in an opposite direction. 

To describe a torus. 

Fig. I. Bisect the diameter at a ; on it, with the 
radius, describe a semicircle, and it is done. 
Fig. J is a semi-hollow. 
Fig. K is a bed mould. 
Fig. L is an ogee and bead. 



GRECIAN MOULDINGS, COMPARED WITH THOSE OF 
THE ROMAN, TO SHOW THE DIFFERENCE OF THEIR 
FORM AND APPLICATION. 

1, Of a Bead. — This moulding is similar in both 
Greek and Roman architecture. 

IL Of the Torus. — The torus in most cases is 
similar to a bead : it is always so in Roman archi- 
tecture, but not always in Grecian, as may be seen 
in various examples where the contour of the mould- 
ing is elliptical. The bases of the columns of the 
temple of Minerva Polias, and also the bases of the 
columns on the monument of Lysicrates, are in- 
stances of the elliptical forms of toruses. 

IIL Of the Ovolo, or Echirms. — The Greek ovolo 
differs greatly from that of the Roman : its contour 
is generally a part of the ellipsis ; in some cases it is 
hyperbolical, and even in some a straight line ; the 
elliptical ovolo is always used in cornices, architraves, 
and likewise in all mouldings projecting from plain 
surfaces. It is also to be met with in the capitals of 
columns. 

Of such forms are the echinus of the capitals of 
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the Doric portico at Athens, the temple at Corinth, 
and the temple at Poestum, in Italy, which are all 
elliptical ; but the hyperbolical form is oftener to be 
met with in the capitals of Athenian buildings than 
any other. 

Of such are» the echinus of the capitals of the 
temples of Minerva and Theseus, and also the capi- 
tals of the columns of the Prophylea, or grand en- 
trance into the citadel. These are all Athenian 
buildings, which were erected during the administra- 
tion of Pericles ; and the portico of Philip, King of 
Macedon, is an instance in which the echinus is in a 
straight line. 

In Roman architecture, the echinus is always 
some part of a circle, never exceeding a quadrant, 
but often less. 

IV. Of the Cavetto. — The cavetto is the same 
both in Roman and Grecian architecture, except in 
its application. There is not an instance to be met 
with in Greece * where the crown moulding is a ca- 
vetto, but there are many in the Roman. 

V. Of the Doric Cimatium. — This moulding is 
constantly used in Greek buildings, under the fillet 
of a finishing or crown moulding; but in Roman 
buildings, there are no instances whatever of any 
such moulding. 

VI. Of the Cima Recta. — This moulding is nearly 
of the same form, both in the Grecian and Roman 
architecture, and is also applied for the same pur- 
pose in both. 

VII. Of the Cima Reversa, — This moulding is 
nearly similar in the Grecian and Roman architec- 
ture, and is, in general, applied under the fillet of the 
crown moulding of the cornices of Roman buildings ; 
but is never so applied in Greek buildings, one in- 
stance excepted, which is the Portico of Philip, King 
of Macedon. 

THE EFFECT OF GRECIAN MOULDINGS, COMPABED 
WITH THE ROMAN OF THE SAME KIND. 

I. Of the Ovolo. — The bending or turning in- 
wards of the upper edge of the Grecian ovolo 
causes, when the sun shines on its surface, a beauti- 
ful variety of light and shade, which greatly relieves 
it from plane surfaces ; and if it be entirely in shadow, 
but receive a reflected light, the bending or turning 



* There are some out of Greece ; but of these there are few in- 
stances which may not be looked on as deviations from the estab- 
lished methods that wertt used by the Greeks. 

11 



inwards at the top will cause it to contain a greai 
quantity of shade in that place, but softened down- 
wards round the moulding to the under edge. 

In the Roman ovolo there is no turning inwards ;♦ 
at the top, therefore, when the sun shines on its sur- 
face, it will not be so bright on its upper edge as the 
Grecian ovolo ; nor will it cause so beautiful a line 
of distinction from other mouldings which it is com- 
bined with when it is in shadow, and when lighted 
by reflection. 

11. Of the Cima Reversa. — In the Greek cima re* 
versa^ the turning in of its upper edge, and the turn- 
ing out of its under edge, will cause it, when the sun 
shines, to be very bright on these edges, which will 
greatly relieve it from other perpendicular surfaces 
when combined together ; and when it is in shadow, 
and lighted by reflection, the inclination of the upper 
and under edges will also make a strong line of dis- 
tinction on both edges, between it and other mould- 
ings or planes connected with it ; whereas the upper 
and under edges of the Roman ctma reversa f being 
perpendicular to the horizon, the lightest place on its 
surface will not be brighter than a perpendicular 
plane surface, nor will it be better relieved in shad- 
ows than perpendicular plane surfaces also in shadow. 

THE EFFECT OF GRECIAN MOULDINGS, COMPARED 
WITH ROMAN MOULDINGS OF A DIFFERENT KIND, 
BUT IN SIMILAR SITUATIONS. 

L Of the Greek Ovolo, compared toith the Roman 
Cavetto^ when used as finishing Mouldings, 

The upper mouldings, in all the remains of anti- 
quity, are either entirely destroyed or much defaced. 
It is certain, that if ovolos, which are strong mouldings, 
had been employed instead of cavettos, % many of 
them would have been almost entire ; and as the de- 
grees of light and shade on the surface of the ovolo, 

* That is to say, the upper edge of the motilding does not recede 
from a plane touching its surfiace, and perpendicular to the horizon. 

t There are some instances in Roman buildings where the cima 
reversa is turned inwards at the top, and outwards at the bottom ; 
but this seldom occurs, except there is not sufficient projection to 
its height. 

X Some authors say, that the cima recta and cavetto were always 
used as finishing mouldings ; but it is quite the reverse ; for in the 
antique buildings now remaining in Greece there is not a single 
instance where a cavetto is used for the upper member of a cornice ; 
but in Doric buildings, the cornice always finishes with an ovolo ; 
and in buildings of the Ionic and Corinthian orders, they are fin- 
ished with cima rectus. 
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whether from sunshine or from any other light, is 
beautiful and soft, the shadow of the cavetto from 
smishine is very hard, and will not contain so great 
a variety of light and shade on its surface ; it will, 
therefore, be less pleasing to the eye. 

IL 2%e Doric CimcUium tised by the Grecians under 
the Fillet of the Crown Mouldings compared with 
the CHma Reversa in the same Situation, 

The front of the Doric cimatium is a convex ellipti- 
cal curve, and is rank at the upper edge in the manner 
of a Grecian ovolo ; therefore, the light and shade on 
its front will be nearly similar to an ovolo ; and as 
the sinking upwards behind the front will cause it 
to contain a quantity of shade, — which wiU form a 
line of separation from the corona, and, consequent- 
ly, make it appear more distinct at a distance, but 
tiie Roman cima reversa, being so very flat, would 
not be well relieved, — its profile would be lost en- 
tirely at a distance. 



MODEEN MOULDINGS. 

I have given several modem designs for mould- 
ings, not that in my own opinion they are more 
tasteful than the Grecian or Boman, but that by com- 
bining them it affords a greater variety ; and, as some 
are fond of new things, they may be preferred 

Plate 97. 

A is a cima recta. B is a cima reversa, or ogee. 
C is a bed mould. These differ from the Boman 
only in their curves being more graceful, but are 
formed on the same principle. 

D, E, F, G, H, I, J, K, and L are formed on the 
principle of the Ghrecian, vn\h a slight alteration in 
their curves. 



GRECIAN MOULDINGS. 

Plate 99. 

To describe the Grecian echinus or ovolo ; the 
tangent A B, at the bottom, the point of con- 
tact A, and the greatest projection of the 
moulding at C heing given. 

Fig. 4, No. 2. From A, draw A D E perpendicu- 



lar ; through G draw G D parallel to the tangent 
B A, cutting A E at D ; make D E equal to A D ; 
then will.D be the centre of an ellipsis, and C D and 
D A will be two semi-conjugate diameters, from 
which the ellipsis may be described by plate 6, Gre- 
ometry. 

Fig. 4, No. 1. This figure is described in the same 
manner, and shows a greater projection, the tangent 
being also taken in a higher position. 

The same things being given, to describe the 
moulding nearly, when the point of contact A 
is at the extremity of the transverse axis. 

Fig. 4, No. 3. From A, draw A D E perpendicular 
to the tangent B A ; parallel to it draw C G, cutting 
the tangent A B at G ; also, through C draw C D 
parallel to the tangent A B, cutting A D E at D, the 
centre of the ellipsis, for which D C and D A are the 
semi-transverse and semi-conjugate axis, and pro- 
ceed as before. 

mate 98. 

The semi-transverse and semi-conjugate axis 
being given, to describe the moulding. 

Fig. 1, Nos. 2 and 3. Proceed as in plate 6, Ge- 
ometry, and you will have the contour of the mould- 
ing required. 

To describe the cima recta, the perpendicular 
height, H L, being given, and its projection, 
LI. 

Fig. 2, No. 1. Complete the rectangle I L H F, 
and divide the whole rectangle into four equal rec- 
tangles ; then inscribe the concave quadrant of an 
ellipsis in the rectangle I K C B, and a convex quad- 
rant in the rectangle G G H D, and it is done. 

To describe a cima reversa, the point A being 
nearly the greatest projection at the top ; D 
the extremity of the curve at the bottom; 
and D C a line parallel to a tangent, at the 
point of junction of the opposite curva 

Fig. 3, No. 3. Draw A G at right angles to G D, 
cutting G D at G, and complete the rectangle A G D E ; 
then proceed as before, but in a contrary direction, 
and you will have the contour required. 



3 



EU'DLOLr.iiiiRa i»!Jtj®3ii;i,:i)-!^^i©';^ 



V\ 2 



vi 


1 \ 

1 i 

\ V 









B 






^ 




-1 


% 






~^ 















^ 


c; 


i 1 
• 1 


^^ 


S 


V 


. -i 



D 







1 1 




Y i i 

i 1 


11 


-1 i 

1 1 




\>>^ 






'^'■"'".J^ V 
^^V 


1 






■ ^^^w ^ — 






- 


- ■^— - 










^ — 






1 

H 1 

S 

t 

1 








\ 


V 






1 > 





<: 




S//ir.Z^*t iJa 



/ 



-J.' 



^ 



y 



/ 



/ 



/ 



/ 



J 

— t 



J 



. . ~. .._• ..4 



> I 






ri 



Ji^.J. 





. L._ i_ 



J'.".? 








1 


K I. 


nk'M' 




> 'M 












~1 


1 

1 
1 
1 


D 


- -/E 

/ 


] 


f ^ 




f 



' / 



Jh/.;^. 





J^/r/.3. 









1 1 



/ 








jj^~^ 



AT/. 



i>f:^-/ 



* 



__- iC 





V 


/ 








^ 


/ 






K 


X 


N 


1^^^ • 


Y 
















. 






K 








1 











\»\ 










PI 




^/<?:^ 




./>^.3. 






X 



A^'W— Ct 






J\^?Z. 


4^? 


1 





^ -i.1 . •>». 




• # • 



i\jj^^jorrjiA7.^a y^^n 'Mi^&m^ ii^^'i) '^yoRiiS'^'^a 



PI. 3 



Full size. 




Hijipp Ln 



riHr If ifiiirirf 




— ' ■ ', - J myf'W T J' rw rvi "w ' *.\ • '• ■ — v.qr ■ y /j yy j y j y v ^ 



A';^if 



■■— ^---^ ii.-^---;.— ■.^^.-Mt^jr-.A Jt^^MflSl 




r' 




' J ■ ,/W y tf T i g' y ■ /> ' J i W " "' i ' " !.' ' ,1^^'. 



\ 



^sra^SP^ 



JV.^^ 



wJM^n...! I ra^jiaiaMtoj|iitti^i«tilMai<iMllMiiiihiiMliiii^^ 






^ . -^^'fW\ 




No.:i 



•r^immmtsmtwf^'w^ii •/ •** 'j^*'* » '*^ »» '.••' 






' — ■■*» f — i i T'lM'T 'T ffitinifiii i i I ii i i—MiiiliftiTi iii ii niin- ] \ .^i^^'j^- -..-.. ^^ — ,.- 



^■_. ..J^^M^fm* . ■- >.j>r . -^ ^^j^m^^^^.^^...^. 





"mnrirry^JYinipm 



M\ 4 



tmmmtH 




StUc H nr A /fanitnff /Jfi 



n o . ^'T' /■* ., 



THE ORDERS. 



83 



To describe an echmus having the depth of 
the moulding C D, the greatest projection 
at D, and to be quirked at the top and 
bottom. 

Fig. 2y No. 3. Ck)mplete the rectangle C B A, and 
proceed as in plate 6, Greometry. 

To describe a scotia. 

Fig. 2, No. 2. Join the ends of each fiUet by the 
light line A B ; bisect A B at D ; through D draw 
C D E parallel to the fillets, and make C D and D E 
equal to the depth of the scotia ; then will A B be a 
diameter of an ellipsis, and C E its conjugate. Pro- 
ceed as in plate 6, Geometry. 

How to describe Grecian mouldings, whether 
elliptical, parabolical, or hyperbolical ; the 
greatest projection at B being given, and 
the tangent C F at F, the bottom of the 
moulding. 

Fig. 4, Nos. 1, 2, and 3. Draw Q F a continuation 
of the upper side of the under fillet ; through B draw 



B G perpendicular to B F, cutting it at G, and the 
tangent F C at the point C ; also, through B draw 
B E parallel to G F ; and through F draw F D E A 
parallel to G B, cutting B E at E ; make E A equal 
to E F, E D equal to C G, and join B D ; then divide 
each of the lines B D and B C into a like number 
of equal parts ; from the point A, and through the 
points 1, 2, 3, 4, in B C, draw lines, cutting the former, 
which will give the points in the curve. 

K the point C, where the tangent cuts the line B G, 
be less than one half of B G, from G the moulding 
will be elliptical, as in Fig. 4, No. 2. 

K G C be one half of B G, then the moulding is 
parabolical, as in Fig. 4, No. 1. 

If G C be greater than half of B G, then the mould- 
ing is hyperbolical, as in Fig. 4, No. 3. 

By this means you may make a moulding to any 
form you please, whether flat or round. 

[On plate 30 will be found four designs for archi- 
traves, for the finish of doors and windows, fall size. 
These are substituted for plates 83 and 84 of the last 
edition, as being more in keeping with the taste of 
the times, Ace — Editors.] 



THE ORDERS. 



The term order seems to sustain the same relation 
to architecture that the term harmony does to music, 
or the ancient term ordownance to painting. It is, in 
&ct, no more nor less than an assemblage of parts 
and mouldings, so disposed as to give an effect 
at once pleasing to the eye, and proportioned and 
adapted to the office each has to perform. 

Vitruvius, who was nearly, if not the first writer 
on architecture who flourished in the first century 
after the birth of Christ, expresses the idea as fol- 
lows : " It is an apt and regular disposition of the 
members of a work separately, and a comparison of 
the universal proportion with symmetry." This, in 
his work, (chapter 2d,) he calls ordonnance. Scamozzi, 
the son of an architect, and himself one of the old 
masters, the rival of Palladio, and who after the death 
of that artist, in 1580, had no competitor, is, we be- 
lieve, the first of the ancient writers that has given 



us what may be termed the description of an order. 
He observes in his book, (2d chapter, 2d part,) " that 
it is a kind of excellency which infinitely adds to the 
shape and beauty of buildings, sacred or profane." 
He seems to have attempted to convey the same idea 
as the author before quoted, which idea is compre- 
hended in the terms propriety and harmony. Having 
now given the idea which the ancients would seem 
to have us entertain by the Latin word order, we will 
proceed to illustrate more fuDy the composition and 
use of the orders. First, then, an order is composed 
of two parts, viz., the column and the entablature ; 
these are again each divided into three other parts, 
which parts are composed of an assemblage of mould- 
ings, each respectively proportioned and adapted to 
the order of which it is a part. The parts of the entab- 
lature are called the architrave, frieze, and cornice ; 
those of the column are the base, shaft, and capital, as 
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may be seen on plate 50. These are again subdivided 
into other parts, as will be seen by the description 
of the respective orders. The species of orders are 
five in number — the Tuscan, Doric, Ionic, Corin- 
thian, and Composite ; each is a composition peculiar 
to itself, and is calculated to produce the expression 
it is intended to possess, viz., strength, grace, ele- 
gance, and richness. The orders above named rightly 
understood, and correctly applied, are the foundation 
upon which architecture has long rested as an art 
The oldest of these is the Doric, the next the Ionic, 
and the last the Corinthian. The Tuscan is said to 
have been invented by the inhabitants of Tuscany ; 
and Vitruvius has first given it a name and placed 
it in his book, a copy of which is shown on page 31 ; 
but he does not inform us of a single building on 
which it has been employed, and as no examples 
exist to warrant the belief of its frequent use in his 
day, we are led to suppose that its rustic plainness 
did not suit the Roman taste of his time. It has, 
however, received the approbation of the principal 
masters who have succeeded him, and is now ranked 
with the regular orders. The Composite is a Roman 
invention, and has been termed by Sir Henry Wotton, 
in his Parallel of Ancient Architecture with the Mod- 
ern, the compounded order. It is composed of parts 
of the other orders, but principally of the Ionic and 
Corinthian. The proportion of the parts of the or- 
ders are as various as the examples — no two authors 
agreeing. In the examples given, the parts are fig- 
ured, as will be seen ; and the proportion assigned to 
each, as the example or author has directed explana- 
tions of the orders more in detail, will be found at- 
tached to them under their respective heads. — Eds. 



TUSCAN ORDER. 

The Romans added the Tuscan, or Etruscan, to the three Grecian 
orders, as they subsequently did the Composite. The idea of the 
Tuscan is undoubtedly derived from the Doric order, from which it 
differs, according to the view taken of it by Aldrich, as much as the 
appearance of an inhabitant of the country docs from one of a city. 
There is extant no ancient specimen of it with an entablature. It is the 
first of the Italic orders, and is called Tuscan, as haying been origi- 
nally employed by that ancient people, once powerful in Italy. 
<* Yitruyius speaks of it as rustic even to deformity ; nor were the 
later masters more favorable to it, except Palladio." Having no 
complete example frx>m antique buildings, that which is given in 
thin work is taken from the description by Vitruvius. 



Plate SI. 

Prom VUfuvius^ with the Proportion of the Parts in 

, Numbers, 

We have no complete example of this order re- 
maining from antique buildings ; and all that we 
know of it is from the description by Vitruvius, from 
which this example is taken, and is, therefore, the only- 
standard. 

The proportions of the parts are exhibited by equal 
divisions on the plate. 

That celebrated building, St Paul's, Ck)vent Grar- 
den, is the only true specimen there is of the Tuscan 
order in England. It may be adapted with great 
propriety to market-places, as the simplicity of its 
parts and the extraordinary projection of the cornice 
render it suitable for that purpose. 

Fig. 1. Elevation of the order, from Vitruvius. 

Fig. 2. The ichnography of the mutules in the 
cornice. 

Fig. 3. Profile of the upper part of the cornice. 

The column is seven diameters high ; the base and 
capital are each half a diameter ; the base is divided 
into two equal parts, one of which is given to the 
plinth, the other to the torus and fillet ; divide the 
capital into three equal parts, give one to the hypo- 
trachelion, one to the ovolo and fillet, and the upper 
one to the abacus. The mutules in the cornice are 
to project one fourth of the length of the column. 

Fig. 4. A modern example of the Tuscan order, 
with the proportional measures in numbers. 

On plate 32, we have given a design for the regu- 
lar Tuscan order. No example, except that on plate 
31, is in any of the previous editions. The design 
here given is a composition from Chambers and Pal- 
ladio. In his example of the Tuscan, Chambers has 
followed Vignola and Serlio, in omitting the break 
in the architrave, and making it consist of only two 
members. This, it is acknowledged, is according to 
the example given us by Vitruvius ; but as liberty 
has been taken to adapt it to other times, there seems 
to be no excuse why the method pursued by Palladio 
should not be entitled to as much attention as that 
by Vignola. The majority of authors have approved 
the practice of the former ; in the example we have 
composed, we have retained the bold and classic pro- 
portions, as given by Chambers, for the cornice, add- 
ing to it the architrave by Palladio. The column 
is according to that given us by Chambers, and it is, 
we believe, the most approved proportion with which • 
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'we Bxe aoqnainted. No. 1, on plate 32, is the order 
figured to a scale of minutes. No. 2 is the impost 
and archivolt of the same. — Editors. 



ROMAN DORIC. 

Some architects have maintained that the Doric order is unfit for 
sacred edifices, by reason of its irregularity. This opinion was held 
by Tarchesiua, Pytheus, and Hermogenus. The latter, after having 
prepared marble materials for building a Doric temple, changed the 
order, and made it Ionic, dedicating it to Bacchus. The Doric or- 
der, howeyer, ia not deficient in grandeur, but an inconyenience 
arises in the distribution of the triglyphs and lacunaria ; for it is 
necessary that the triglyphs should be placed oyer the middle quar- 
ters of the columns, and the metopes, which are between the tri- 
gl3rphs, must be as long as high; also, the triglyphs at the angles are 
placed at the extremities, and not oyer the middle of the colunms ; 
therefore, the metopes which are next the angular triglyphs will 
not be square, but longer by half the breadth of a triglyph. Some, 
who wish to make the metopes equal, lessen the extreme inter- 
oolumniation by half the breadth of the triglyph. Howeyer, the 
metope or the contracting of the intercolumniation is a defect. 
Though the ancients haye been obsenred to neglect exact regularity 
in Doric buildings, it is shown in its proper place how far we ought 
to follow our masters. 



The front of a Doric temple, where the columns 
are placed, is divided, if it be terastyle, into twen- 
ty-eight parts ; if hexastyle, into forty-four. One of 
these parts will be the module, which, in Greek, is 
called EmbateSj and by which all the other parts are 
proportioned. 

The thickness of the column must be two mod- 
ules ; the height, with the capital, fourteen ; the 
height of the capital one module, the breadth two 
modules and a sixth. The height of the capital is 
divided into three parts, of which one is given to the 
abacus, with the cimatium ; another to the echinus, 
with the annulets ; and the third to the hypotra- 
chelion. The columns are diminished as described 
on the plates. 

The height of the epistilium, with the tenia and 
drops, is one module. The tenia has the seventh of 
a module, the length of a guttae under the tenia 
coinciding with the perpendicular of the triglyphs. 
Their height with the regula is one sixth of a 
module. The breadth of the epistilium also answers 
to the hypotrachelion of the column. 

On the epistilium are placed the triglyphs with 
the metopes, having the height of one module and a 



half, and the breadth in front one module. They 
must be so distributed that they may be over the 
centre of the columns at the angles, and two be- 
tween each column. The breadth of the triglyphs 
is divided into twelve equal parts, of which the 
breadth of the femur in the middle will be two parts ; 
then a channel is cut on each side of the femur, the 
breadth of each channel being equal to two parts. 
Next to the channels two other femurs are left, one 
on the right and the other on the left, each equal to 
the breadth of the middle femur, or two parts ; then 
a part will remain next to the edge of each triglyph, 
which is to be cut away in the form of a semi- 
channel. On either side of this channels are sunk, 
as if imprinted by the elbow of a square. To the 
right and left of these another femur is formed. In 
the same manner, semi-channels must be sunk at the 
extremities. The triglyphs being thus disposed, the 
metopes are as high as long ; on the angles, also, the 
semi-metopes are made half a module in width. 

Thus all the errors arising from the wrong distri- 
bution of the metopes, intercolumniations, and lacu- 
naria will be rectified. 

The capitals of the triglyphs must have one sixth 
of a module. On these capitals is placed the coro- 
na, projecting a half and a sixth part of a module, 
having a Doric cimatium below, and another above. 
The corona, with the cimatiums, are half a module 
in thickness. In the under part of the corona, per- 
pendicularly over the triglyphs and metopes, the 
guttas in the mutules are so distributed that there 
may be six in length, and three in breadth. The 
spaces between the metopes being rather broader 
than the triglyphs, are either left plain, or carved ; 
and at the edge of the corona a channel is cut, 
called Scotia ; all the remainder, as the tympanum, 
the cima, and corona, are the same as in the Ionic 
order. 

Concerning the diminution of the column, accord- 
ing to Vitruvius, he gave the following rule for all 
kinds of columns, the Tuscan excepted : — 

The diminution of the top of the column at the 
hypotrachelion is thus regulated : If the column be 
not less than fifteen feet high, the thickness at the 
bottom is divided into six parts, and five of these 
parts are given as the thickness at the top. 

" If the height is from fifteen to twenty feet, the 
bottom of the shaft is divided into six parts and a 
half, and five and a half of these parts make the 
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thickness of the column at top ; and if from twenty 
to thirty feet, the bottom is divided into seven parts, 
and six of these make the diminution at the top. 
If it is from thirty to forty feet high ; the bottom 
thickness is divided into seven parts and a half, of 
which six and a half is the measure of the diminu- 
tion at the top. If from forty to fifty feet, it is 
divided into eight parts, whereof seven will make 
the thickness of the hypotrachelion at the top of the 
shaft And if it is still higher, the same propor- 
tional method is observed ; for, as a greater height 
causes them to appear more diminished, they are, 
therefore, to be corrected by an addition of thickness, 
beauty being the province of the eye, which, if not 
satisfied by the due proportion and augmentation of 
the members, correcting apparent deficiencies with 
proper additions, the aspect will appear coarse and 

displeasing. 

Plate S8. 

This plate shows the elevation of the Roman 
Doric, as given by Palladio. 
Fig. 1. The elevation. 
Pig. 2. The cornice inverted. 
Pig. 3. The capital inverted. 

Plate S4. 

Elevation of the Doric Order from the Baths of Duh 
clesianj at Rome, with the Proportions in Numbers. 

The cornice of this example is not Doric ; it is too 
abundant with mouldings, and overcharged with 
enrichments. 

The disposition of the triglyphs and metopes in 
the frieze is according to the rules of Vitruvius. 

The capital is not Doric, but of another kind ; nor 
could this composition be known to have the least 
resemblance to the Doric order, if the triglyphs in 
the fiieze were omitted. 

Pig. 1. The elevation of this example. 

Pig. 2. A section of the column, showing the 
flutes. 



ROMAN IONIC, 

Plate S5, 

Is the Roman Ionic as approved by Chambers, 
and is inserted to supply the place of plates 66 and 
57 of the previous edition, which contained the I 



example of the Temple of Concord, at Rome. This 

was a very singular example, which was, perhaps, 
the best authority the author had for introducing it. 
The cornice contains mutules resembling the Doric, 
and dentils as in the Ionic The fiieze and archi- 
trave are plain, with the exception of two breaks, 
the top one of which contains a cavettoor hol- 
low. There is no band moulding to separate the 
frieze from the architrave. The capital is angular, 
voluted, and is not without merit ; but the extreme 
plainness of the space between the cornice and the 
top of the capital, and the connection between the 
cornice and frieze, is so inelegant, that the anath- 
emas of those who would have used it have been 
called down upon it, and it is now scarcely if ever 
used. The example given by Chambers ia, perhaps, 
as good as any we have ; and we have, therefore, in- 
serted it to complete the Roman orders. Pig. 1 is 
the order, and figs. 2, 3, and 4 the details of the cap- 
ital — Editors. 



CORINTHIAN ORDER. 

The Corinthian order took its rise in the flouriAhing days of 
Ckninth, a celebrated city commanding the communication of the 
peninsula of Peloponnesus with the continent of Greece. It Lb 
generally regarded by writers on architecture as being more delicate 
than the Ionic, and is thought to resemble the graceful figure of a 
-virgin. Among the ancients, it had much resemblance to the Ionic 
According to Vitruvius, it imitated that order in eyery part but in 
the capital of the pillar. In the introduction to this work, we have 
alluded to the pretty Greek story told of the origin of the capital. 
Yillapandus giyes another equally dubious account of its origin ; and 
Aldrich conjectures as more probable that, as the shaft of a pillar 
represents the trunk of a tree, so the tree being lopped, and sprout- 
ing again, furnished the hint for the design of this capitaL But, 
however this may be, we believe it wiU be generally conceded that, 
in attempting too much, this order has deviated from the true sim- 
plicity of nature. It marked an age of luxury and magnificence, 
when pomp and splendor had become the predominant passion, but 
had not yet extinguished the taste for the sublime and beautiful; 
and in this, attempts were made to unite these characters. 



DEFINITIONS. 

1. An order which has two annular rows of leaves 
in the capital, each leaf of the upper row growing 
between those of the lower row, in such a manner 
that a leaf of the upper row may be in the middle 
of each side or face of the capital, — and if between 
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each space of the upper leaves there spring stalks 
with volutes, two of which meet at the angles of the 
abacus, and two in the middle of the capital, either 
touching or interwoven with each other, — a capital 
so constructed is called Corinthian. 

2. An order which has a Corinthian capital, and 
an Ionic or any other entablature, is called the Corin- 
thian order. 

Plate 88. 

The Corinthicm Ordevy from the Pcmtheon^ at Rome. 

This example, though plain, is yet beautiful and 
chaste, and is an excellent model of the order. 

Fig. 1. Elevation of the order in numbers. 

Fig. 2. Section of one quarter of the column next 
the capital ; also a section of one quarter of the col- 
umn next the base. 

Fig. 3. Elevation of the base of a larger size. 

Plate ST. 

Fig. 1. Is the outline of the leaves and elevation 
of the capital, from the Pantheon, as shown in 
plate 38. 

Fig. 2. The capital inverted, showing an angle of 
ttie architrave. 

Fig. 3. The elevation of a leaf in the same. 

Fig. 4. The elevation of a leaf in the capital of a 
column, from the Temple of Jupiter Stator, at Rome. 

Fig. 5. The side elevation of the modillion, from 
the Temple of Jupiter. 

Fig. 6. The modillion inverted. 

Plate 86. 

From the three Columns in the Campo Vaccinoj sup^ 
posed to be the Remains of the Temple of Jupiter 
Stator^ at Rome. 

The engraving exhibited in this plate, of that cel- 
ebrated example of the remains of Jupiter Stator, is 
as accurate as any yet published; the capital and 
entablature are restored from the drawings of an 
^ artist, who was so obliging as to favor me with 
sketches of the ornament which he had from the 
original. The elegance and beauty of the capital, 
its gracefrd form, the grandeur and excellent propor- 
tion of the entablature, with the delicacy of the or- 
nament, render this one of the most complete exam- 
ples now existing of the Corinthian order. 

Fig. 1. Elevation of the order in numbers. 



Fig. 2. The cornice inverted, showing the enrich- 
ments of the modillions and mouldings. 



COMPOSITE ORDER. 

The second Italian order, and last of the five orders of architec- 
tnre, is the Composite ; which some writers haye divided into three 
species, or orders. The first, called the Composite, is composed of 
the Ionic and Corinthian, " which two exhibit more graces in com- 
bination than either of them would if joined with the Doric. The 
Composite is more slender than the Corinthian, and more ornamented 
with sculpture ; if the latter bean any resemblance to a young maid» 
the former represents an harlot." 

The second species, as given by Aldrich and Smyth, is ** Dorico- 
lonic ; the only remaining instance of which may be seen at Rome, 
in the ruins of the Temple of Concord. The base of the column is 
Attico-Ionic, and without a plinth, except in angular piUars. The 
capital is lonico-Doric, with the volutes projecting, as in the Italian ; 
the abacus is Corinthian ; the Meze is scidptured, but the larmier 
is plain. It has a beautiful appearance." 

The third species of Composite is where the odlusm is of one 
order, and the entablature of another ; for instance, when the col- 
umn is Corinthian, and the entablature Doric ; in which case, it 
would, therefore, be very properly termed Dorico-Corinthian. « This 
is approved of even by Vitruvius ; and, in Uct, was introduced into 
the Temple of Solomon, whose columns were Corinthian, supporting 
a Doric entablature." 

The Romans first introduced the Composite order into their tri- 
umphal arches, to show their dominion over the people whom they 
conquered. 



Of this order we have many examples from the 
ancients ; but the following is the most celebrated : 
it is taken from the Arch of Titus, which was executed 
soon after the destruction of Jerusalem, in order to 
commemorate that remarkable event 

Plate 89. 

From the Arch of Titus^ at Rome. 

This most beautiful and elegant example is made 
choice of as the most proper model for this order. 

TABLE, 

Showing the relative Proportions of Orecia/n Doric 
Columns contained in this Work. 
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PILASTERS. 

Pilasters are, it is believed, a Roman inyention, and certainly an 
improyement. The Greeks employed antie in their temples, to re- 
ceive the architrayes where they entered upon the walls of the celL 
These, though they were, in one direction, of equal diameter with 
the columns of the front, were in flank extravagantly thin in pro- 
portion to their height, and neither their bases nor capitals bore any 
resemblance to those of the columns they accompanied. The Ro- 
man artists, disgusted, probably, with the meagre aspect of these 
antte, and the want of accord in their bases and capitals, substituted 
pilasters in their stead, which, being proportioned and decorated in 
the same manner with the colimms, are certainly more seemly, and 
preserve the unity of the composition much better. The reader will 
find some additional, and perhaps not unimportant, remarks in re- 
lation to the pUaster in the introduction to this work. 



Pilasters differ from columns in their plan only, 
which is square, while that of the column is round. 
Their bases, capitals, and entablatures have the same 
parts, with all the same heights and projections, as 
those of colunms ; and they are distinguished in the 
same manner, by the names of Tuscan, Doric, Ionic, 
Corinthian, and Composite. Of the two, the col- 
umn is doubtless most perfect. Nevertheless, there 
are occasions in which pilasters may be employed 
with great propriety ; and some where they are, on 
various accounts, even preferable to columns. 

If we go back to the origin of things, and consider 
pilasters, either as representing the ends of partition 
walls, or trunks of trees reduced to the diameter of 
the round trunks which they accompany, but left 
square for greater strength, the reason for <^min- 
ishing them will, in either case, be strong and evi- 
dent 

It is likewise an error to assert that pilasters are 
never necessary, but that colunms will at all times 
answer the same end ; for, at the angles of aU build- 
ings, they are evidently necessary, both for solidity 
and beauty, because the angular support, having a 
greater weight to bear than any of the rest, ought to 
be so much the stronger ; so that its diameter must 
either be increased, or its plan altered from a circle 
to a square. The latter of which is certainly the 
most reasonable expedient on several accounts, but 
chiefly as it obviates a very striking defect, occa- 
sioned by employing columns at the angles of a 
building ; which is, that the angle of the entablature 
is left hanging in the air without any support — a 
sight very disagreeable in some oblique views, and 
in itself very unsolid. 



It is indeed customary, in porches and other de- 
tached compositions, to employ columns at the an- 
gles ; and it is judicious so to do, for, of two defects, 
the least is to be preferred. 

Engaged pilasters are employed in churches, gal- 
leries, halls, and other interior decorations, to save 
room, for, as they seldom project beyond the solid of 
the walls more than fifteen minutes of their diameter, 
they do not occupy near so much space as engaged 
columns. They are likewise employed in exterior 
decorations ; sometimes alone, instead of columns, 
on account of their being less expensive; at other 
times they accompany columns, being placed behind 
them to support the springing of the architraves ; or 
on the same line with them, to fortify the angles : 
they may likewise be employed instead of columns, 
detached to form peristyles and porticoes, but there is 
no instance of this, that I remember, in all the re- 
mains of antiquity ; neither has any modern archi- 
tect, I believe, been so destitute of taste as to put it 
in practice. 

When pilasters are used alone, as principal in the 
composition, they should project fifteen minutes of 
their diameter beyond the walls, which give them a 
sufficient boldness, and, in the Corinthian and Com- 
posite orders, is likewise most regular, because the 
stems of the volutes, and the small leaves in flank 
of the capital, are then cut exactly through their mid- 
dles. But if the cornice of the windows should be 
continued in the inter-pilaster, as is sometimes usual, 
or if there should be a cornice to mark the separation 
between the principal and second story, or large im- 
posts of arches, the projection must, in such cases, 
be increased, provided it is not otherwise sufficient to 
stop the most prominent parts of these decorations ; 
it being very disagreeable to see several of the upper- 
most mouldings of an impost or cornice cut away 
perpendicularly, in order to make room for the pilas- 
ter, while the cornice or impost on each side projects 
considerably beyond it. Mutilations are, on all oc- 
casions, studiously to be avoided, as being destructive 
of perfection, and strong indications either of inatten- 
tion or ignorance in the composer. 

Where pilasters are placed behind columns, and 
very near them, they need not project above seven 
and olie half minutes of their diameter, or even less, 
excepting there should be imposts or continued cor- 
nices in the inter-pilaster ; in which case, what has 
been said above must be attended to* But if they 
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be far behind the columns, as in porticoes, porches, 
and peristyles, they should project ten minutes of 
their diameter at least ; and when they are on a line 
with the columns, their projection is to be regulated 
by that of the columns ; and, consequently, it can 
never be less than a semi-diameter, even when the 
columns are engaged as much as possible. This 
extraordinary projection, however, will occasion no 
very great deformity, as the largest apparent breadth 
of the pilaster will exceed the least only in the ratio 
of eleven to ten, or thereabouts. But if columns be 
detached, the angular pilasters should always be 
coupled with a column, to hide its inner flank ; be- 
cause the pilasters will otherwise appear dispropor- 
tionate when seen from the point of view proper for 
the whole building, especially if the fabric be small 
and the point of view near. 

It is sometimes customary to execute pilasters 
without any diminution. In the antiques there are 
several instances thereof, as well as of the contrary 
practice ; and Palladio, Vignola, Inigo Jones, and 
many of the greatest architects have frequently done 
so. Nevertheless, it is certain that diminished pilas- 
ters are, on many accounts, much preferable. There 
is more variety in their form ; their capitals are better 
proportioned, both in the whole and in their parts, 
particularly in the Composite and Corinthian orders ; 
and the irregularities occasioned by the passage of 
the architraves, from diminished columns to undimin- 
ished pilasters, are thereby avoided, as are likewise 
the difficulties of regularly distributing the modil- 
lions and other parts of the entablature, either when 
the pilasters are alone or accompanied with columns. 

Another disagreeable effect of undiminished pilas- 
ters is likewise obviated by rejecting them. Indeed, 
I am at a loss to account for it, and it is diametri- 
cally opposite to a received law in optics. I im- 
agined it might be the result of some defect in my 
own sight, till, by inquiry, I found others were af- 
fected in the same manner. It is this — the top of 
the shaft always appears broader than the bottom. 

The shafts of pilasters are sometimes adorned 
with flutings in the same manner as those of col- 
umns, the plan of which may be a trifle above a 
semicircle ; and they must be to the number of 
seven on each face, which makes them nearly of the 
same Size with those of the columns. The interval 
between them must be either one third or one fourth 

of the flute in breadth ; and when the pilaster is 

12 



placed on the pavement, or liable to be broken by 
the touch of passengers, the angle may be rounded 
off, in the form of an astragal ; between which and 
the adjoining flute there must be a fillet or interval 
of the same size with the rest, as in the porch of the 
Pantheon, at Rome. 

The flutes may, like those of columns, be filled 
with cablings to one third of their height, either plain, 
and shaped like an astragal, or enriched, according as 
the rest of the composition is simple or much adorned. 
Scamozzi is of opinion that there should be no flut- 
ings on the sides of engaged pilasters, but only in 
firont; and, whenever cornices or imposts are con- 
tinued home to the pilaster, this should be partic- 
ularly attended to, that the different mouldings of 
these members, by entering into the cavities of the 
flutes, may not be cut off in irregular and disagreea- 
ble forms. But if the flanks of the pilasters are en- 
tirely free, it may be as well to enrich them in the 
same manner as the front, provided the flutes can be 
so distributed as to have a fillet or interval adjoining 
to the wall — which is always necessary to mark the 
true shape of the pilasters distinctly. 

The capitals of Tuscan or Doric pilasters are pro- 
filed in the same manner as those of the respective 
columns; but in the capitals of the other orders, 
there are some trifling differences to be observed. In 
the antique Ionic capital, the extraordinary projection 
of the ovolo makes it necessary either to bend it in- 
wards considerably towards the extremities, that it 
may pass behind the volutes, or instead of keeping 
the volutes flat in firont, as they commonly are in the 
antique, to twist them outwaxds, till they give room 
for the passage of the ovolo. Le Clerc thinks the 
latter of these expedients the best ; and, that the arti- 
fice may not be too striking, the projection of the 
ovolo may be considerably diminished, as in plate 56, 
Fig. 2 ; which, as the moulding can be seen in front 
only, will occasion no disagreeable effect. 

The employing half or other parts of pilasters that 
meet, and, as it were, penetrate each other's inward 
or outward angles, should, as much as possible, be 
avoided, because it generally occasions several irreg- 
ularities in the entablatures, and sometimes in the 
capital also. Particular care must be taken never to 
introduce more than one of these breaks in the same 
place, for more can never be necessary. In many of 
the churches at Rome we see half a dozen of them 
together, which produce a long series of undulated 
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capitals and bases, and a number of mutilated parts 
in the entablature, than which nothing can be more 
confused or disagreeable. 



ARCADES AND ARCHES. 

The arch is, without doubt, a Roman invention ; * 
and from this circumstance the oldest, which is the 
semicircular, is called the Roman arch. The time of 
its introduction may be looked upon as a new epoch 
in the science of architecture, for by this change the 
Romans succeeded in laying the foundation for a 
complete revolution of taste and conception. Says 
Gwilt, in his EncylopsBdia of Architecture, " This 
change, by various steps, led through the basilica to 
the construction of the extraordinary Gothic cathe- 
drals of Europe, in its progress opening beauties in 
the art of which the Greeks had not the remotest 
conception." The principal feature of the Roman 
architecture is the use of the arch and circle, each 
moulding being composed of some portion; while 
those of the Grecian are composed entirely of sec- 
tions of the cone. An arcade is a series of arches, 
separated by one or more columns, with their imposts 
and piers, and is often one of the most pleasing, as 
well as imposing, objects which architecture affords ; 

* We are aware that, -were we to pass oyer this point without al- 
luding to the discovery of an arch at Thebes, we should not feel 
warranted in making the abore assertion. An aocount of this arch 
may be found in Wilkinson's Customs of the Ancient Egyptians, 
vol. iii pp. 221 and 263. To the arch of Thebes Mr. W. assigns 
the date of 1600 B. C. But as this structure, if one may judge from 
his delineation, is so purely Roman in its character, its antiquity is 
doubted by most authors. The arch in the tomb of Sacoara is the 
other to which he alluded, and is from his delineation simply a lining, 
and is not capable of sustaining any weight, which is the office of 
the arch. Mr. Wilkinson assigns as a reason for the Egyptians not 
using the mode of construction requiring the arch, that there would 
be difficulty attending the repairing of any accident that might befall 
it. In regard to this argument, it would seem, at any rate, that, to 
an engineer who could erect the Pyramid of Cheops, some way 
would suggest itself for the ^repairs of a simple arch, had he erer 
conceiyed of its construction. He again speaks of the consequences 
attending the decay of a single block« ftc. In regard to this it is 
argued, that, in the case alluded to, the balance on the outer side or 
back of each course would preserve the opening in some form with- 
out any arch at alL And besides this, when we take into considera- 
tion the foot that so much time and labor was expended to procure 
the immense stones for architrayes, which could have been avoided 
in many instances by the use of the arch, it seems that, had it ex- 
isted in their very midst, some, to say the least, would have ven- 
tured to use it. — Editobs. 



and the utility of them in some climates, for shelter 
from rain and heat, is obvious. "We have given, in 
plate 40, designs for arcades with and without pedes- 
tals. The proportions are very nearly the same as 
given by Chambers ; and, as will be seen by exami- 
nation, they are different in each of the orders. 'We 
should have been pleased to have given examples of 
arcades above arcades ; but our limits would not allo\(r 

■ 

it We will state here, however, that as in orders 
above orders the Tuscan invariably stands at the bot- 
tom, and above it the Doric ; immediately above this 
the Ionic, and next the Corinthian ; and, should the 
Composite be used, its place is above the Corinthian. 
The lower diameter of the shaft immediately above 
the base of each column is of the size of the one 
next below it at the top just below the capital ; these 
dimensions will, of course, govern the proportions of 
the entire order. If the balustrade be used in the 
openings, it should extend from pier to pier at the 
side of the column, and its whole height should be 
the top of the pedestal, the height of the baluster, or 
its dimension, is the die of the pedestal. The rails 
above and below them are a continuation of its cor- 
nice and base. The use of arcades above arcades 
is pretty generally confined to public buildings, as, 
among the Romans, to their theatres and amphithea- 
tres ; they have, however, been much employed in 
Europe ; and in the magnificent design made by Inigo 
Jones, for the palace at Whitehall, are to be found 
some very fine examples. — Editors. 



PEDESTALS. 

Most writers connder the pedestal as a necessary part of the order, 
without which it is not esteemed complete. It is, indeed, a matter 
of small importance whether it be considered in that light or as a 
distinct composition. YitruTius only mentions it as a necessary part 
in the construction of a temple, without signifying that it belongs to 
the order, or assigning any particular proportions for it, as he does 
for the parts of the column and the entablature. But triangular, 
circular, or polygonal pedestals, or such as are swdled and have 
their die in the form of a baluster, or are surrounded with cinctures, 
are, in no case, to be made use of in buildings. Such eztrayaganoes, 
though frequent in some foreign countries, are now laid aside wher- 
ever good taste prerails. 



A pedestal, like a column or an entablature, is com- 
posed of three principal parts, which are the base, the 
body or the die, and the cornice. The die is always 
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nearly of the same figure, being constantly either a 
cube or a parallelopiped ; but the base and cornice 
are varied, and adorned with more or less mouldings, 
according to the simplicity or richness of the compo- 
sition in which the pedestal is employed. Hence 
pedestals are, like columns, distinguished by the 
names of Tuscan, Doric, lopc, Corinthian, and Com- 
posite. 

Some authors are very averse to pedestals, and 
compare a column raised on a pedestal to a man 
mounted on stilts, imagining that they were first in- 
troduced merely through necessity and for want of 
columns of a sufficient length. 

It does not seem proper to suppose that they were 
first introduced merely through want of columns of 
a sufficient length, since there are many occasions on 
which they are evidently necessary, and some in 
which the order, were it not so raised, would lose 
much of its beautiful appearance. Thus, within our 
churches, if the columns supporting the vault were 
placed immediately on the ground, the seats would 
hide their bases and a good part of the shafts ; and 
in the theatres of the ancients, if the columns of the 
scene had been placed immediately on the stage, the 
actors would have hid a considerable part of them 
firom the audience ; for which reason it was usual to 
raise them on very high pedestals, as was likewise 
customary in their triumphal arches ; and in most of 
their temples the columns were placed on a basement 
or continued pedestal, so that the whole order might 
be exposed to view, notwithstanding the crowds of 
people with which these places were frequently sur- 
rounded. And the same reason will authorize the 
same practice in our churches, theatres, courts of jus- 
tice, and other public buildings where crowds fre- 
quently assemble. And in a second order of arcades 
there is no avoiding pedestals, as without them it is 
impossible to give the arches any tolerable proportion. 
These instances will sufficiently show the necessity 
of admitting pedestals in decorations of architecture. 
With regard to the proportion which their height 
ought to bear to that of the columns they are to sup- 
port, it is by no means fixed — the ancients and mod- 
ems, too, having in their own works varied greatly 
in this respect, and adapted their proportions to the 
occasion, or to the respective purposes for which the 
pedestals were intended. Thus, in the amphitheatres 
of the ancients, the pedestals in the superior orders 
were generally low, because in the apertures of the 



arches they served as rails to enclose the portico, and 
therefore were, for the conveniency of leaning over, 
made no higher than was necessary to prevent acci- 
dents ; and the case is the same in most of our mod- 
ern houses, where the height of the pedestals in the 
superior orders is generally determined by the sills of 
the windows. The ancients, in their theatres, made 
the pedestals in the first order of their scene high, for 
the reason mentioned in the beginning of this chap- 
ter; but the pedestals in the superior orders were very 
low, their chief use being to raise the columns so as 
to prevent any part of them from being hid by the 
projection of the cornice below them ; and thus, on 
different occasions, they used different proportions, 
being chiefly guided by necessity in their choice. 

Nevertheless, writers on architecture have always 
thought it incumbent upon them to fix a certain de- 
terminate proportion for the pedestal, as well as for 
the parts of the order. It would be useless to enu- 
merate in this place their different opinions ; but I 
must beg leave to observe that Vignola's method is 
the only true one. His pedestals are all in the orders 
of the same height, being one third of the column ; 
and as their bulk increases or diminishes, of course 
in the same degree as the diameters of their respec- 
tive columns do, the character of the order is always 
preserved, which, according to any other method, is 
impossible. 

With regard to the divisions of the pedestals, if 
the whole height be divided into nine parts, one of 
them may be given to the height of the cornice, two 
to the base, and the remaining six to the die ; or if 
the pedestal is lower than ordinary, its height may 
be divided into eight parts only, of which one may 
be given to the cornice, two to the base, and five to 
the die, as Palladio has done in his Corinthian order, 
and Perault in all the orders.* 

The plan of the die is always made equal to that 
of the plinth of the column ; the projection of the 
cornice may be equal to its height ; and the base, 
being divided into three parts, two of them will be 
for the h^ght of the plinth, and one for the mould- 
ings, of which the projection must be somewhat less 
than the projection of the cornice, so that the whole 
base may be covered and sheltered by it 

These measures are common to all pedestals ; and 
in plate 41 there are proper designs for the Tuscan, 

* Ordonnance des cinq Especes de Colonnes, 1 Partie, ch. 6 et 7. 
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Boric, Ionic, and Corinthian orders, in which the 
forms and dimensions of the minuter parts are 
accorately drawn and figured. With regard to the 
application of pedestals, it must be observed that 
when columns are entirely detached, and at a consid- 
erable distance from the wall, as when they are em- 
ployed to form porches, peristyles, or porticoes, they 
should never be placed on detached pedestals, for 
then they may indeed be compared to men mounted 
on stilts, as they have a very weak and tottering 
appearance. 

The base and cornice of these pedestals must run 
in a straight line on the outside throughout; but the 
dies are made no broader than the plinths of the 
columns, the intervals between them being filled 
with balusters, which is both really and apparently 
lighter than if the whole pedestal were a continued 
solid. 

TABLE, 

Showing' the Height of Pedestals in antique and 
modem Works in Minutes^ each one sixtieth of 
the Diameter of the Shaft. 



DOBIO, 



loRIO, 



fPUltdlo, , 

I^SeuKMEsl, 

(Tempto of F^utunt Virilis, 
CollieiiiD, 
Pftlladio, 
Scamoszi, 

' Afch of Conitantine, .... 

Coliseum, 

PalUdio, 

Seamoszi, 

'Arch o^TitlM, 

Arch of the Goldemltht,. 

CoMrotiTB, < Palladio, 

Scamoszi, 

^ Areb of Sep. Severui, . . . 



CoaillTRIAlt,' 



FHnth. 

mn. 


Mouldlngi 

above 

FUnth. 


Min. 


26 


14 


30 


15 


44 
33i 

28f 
30 


. 19i 
15 


17^ 
23 
23^ 
30 


29 

l^ 
15 


55 


30 


46 
33 


25^ 
17 


30 


15 


30 


m 



1>I«. 



Mln. 



80 

68^ 

93J 

8H 

9ii 

82^ 
153 

78 

93 
132i 
141 
144^ 
133 

112j^ 
140J 



Cornice. 



Mln. 



20 
22^ 
23^ 
17 



Total 
Height 



Min. 



140 

136tV 

180| 

141^ 
21^ 162| 
22^150 
29^ 228 
19^ 131J 
19 150 
22,j 200 
29 255 
25^241 
17 200 
22^180 
29| 182^ I 



On plate 41 will be found designs for pedestals of 
the different orders. They are figured by the same 
scale with which the order should be drawn in which 
they may be employed. 

Fig. 2. In this figure is shown the manner of 
striking or working a raking moulding to fit and 
mitre with the same on a horizontal line or flank. 
First divide the width of the moulding into 1, 2, 3, 



and 4 parts, as in A ; raise a perpendicular line in 
B, at O ; trace the curve of the moulding firom the 
intersection of 1, 2, 3, 4, on the curve line of the 
moulding ; draw a, b^c^d^ 6, /, g^ A, at right angles 
with the perpendicular line O, to the points A,/, rf, ft, 
in the curve or face of the moulding ; transfer to A, 
a bf c dj efyg h. In the like manner, the curve at C 
may be found. All to mitre in their several parts 
with each other. 



IMPOSTS. 

Imposts are explained in the glossary. By some, however, they 
are called the walls back of the inserted column, rising from the 
base to the spring line of the arch, and extending on each side of 
the column about thirty minutes — forming the side of the apertures 
of doors or windows, and, when used without the columns, are 
appropriately termed pilasters. But they are most generally used 
for those assemblages of moulding which divide the perpendicular 
part of the wall from the spring line of the arch. In some in- 
stances regular pUasters are introduced, when the column may be 
termed isolated, as it stands detached from the walls. We find 
imposts iatroduced in the Temple of Solomon ; and they are com- 
mon in Roman edifices ; as in the Arch of Titus, and most of theii 
other triumphant arches, &c. In most parts of Europe imposts are 
found, as also in some parts of the United States. The origin of this 
style of building cannot be clearly traced. However elegant its 
aspect in many instances may be, it seems now to be giving place to 
a more magnificent and majestic style of architecture. VHiere we 
once saw one range of columns rising above another, each support- 
ing a distinct entablature, we now find the whole height supplied 
by one length, thus preserving the principles of good taste. 



An impost is the capital of a pier or pilaster which 
receives the arch in the arcades of the Roman order. 
On plate 42 we have given designs for the different 
orders, and have figured them to be drawn by the 
same scale of minutes with which the ord^r is drawn 
to which they may be applied. No. 4 is from a de- 
sign by Vignola ; the rest are by Sir William Cham- 
bers. 

Ba^es. — No. 1 is the Tuscan base ; No. 2 is the 
Doric; and No. 3 is the Attic. The last named 
Chambers has used with all his orders, excepting 
the Tuscan. This base was used by the ancients 
to a great extent; and they have not, to say the 
least, in many instances made any improvement 
— Editors. 
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BALUSTRADES. 

The baluster is not found in the works of the an- 
cients, but owes its origin to the restoration of the 
art in Italy. It, like the column, consists of the cap- 
ital, shaft, and base. The most ancient examples 
were of the shape of a stunted column, and not un- 
firequently were crowned with a disproportioned Ionic 
capital. Many forms have been given to them by 
the later masters, and we may safely say that the 
invention is one of the most useful as well as orna- 
mental that was produced by the Italians. A balus- 
trade is a series of balusters standing upon a base, 
and crowned with a capital or rail, — this capital 
and base being of the same outline in its detail as 
those of the pedestal which accompany them. It is 
proposed by Blondel that balusters and balustrades 
should partake of the character of the edifice they 
are to be employed upon ; and by some their species 
has been so arranged as to appropriate a design to 
each order, and in the works of such they are known 
by the name of Tuscan, &c The general rules to 
be observed in the construction of balustrades are, 
that the balusters be of an odd number, and the dis- 
tance between them equal to half their larger diam- 
eter, which will produce an equality between the 
open and solid spaces ; and a half baluster should 
always be placed against the pedestal. When the 
balustrade is formed without pedestals, as is often 
the case where balusters are placed between columns, 
the half baluster may be omitted. The pedestals of 
balustrades should always be placed directly over the 
column, and the die be of the same width as the di- 
ameter of the column at the top. Where the columns 
stand together as in what is termed coupled columns, 
as seen at A, in plate 43, the pedestal should extend 
over both entire. Also, where a balustrade terminates 
against a roof or pediment, the termination should 
be by a pedestal, and it should commence where the 
balustrade begins to diminish, be the distance more 
or less ; and in no case should the baluster be cut to 
the roof. The pedestals, as before stated, should 
stand directly over the columns, — the distances be- 
tween them would, of course, depend upon the in- 
tercolumniation, — but where no columns are used, 
either seven or nine whole balusters, with the half ones. 



hs^ve been recommended as producing the best effect; 
for when the pedestals stand too near each other, 
they present a heavy and clumsy appearance to the 
work ; and where they are too far apart, the work will 
appear weak. The bulbs or bellies of balusters are 
often enriched ; which, for stairs and highly-finished 
interiors, is quite requisite. In regard to the heights 
of balustrades, when they are used as a protection to 
terraces, or before windows, they should be not less 
than two feet six inches, nor more than three feet 
high ; but when they are used as merely ornamental 
appendages to a building, they should be, according 
to the majority of authors, not more than two 
thirds of the height of the entablature over which 
they stand, nor less than two thirds, without count- 
ing the plinth, the height of which must be suffi- 
cient to leave the entire baluster exposed to view 
from the best point of sight for viewing the building. 
Palladio has, however, in some instances, made the 
balustrade the height of the entire entablature, as at 
the Valmarana Palace. Inigo Jones has, in some 
instances, followed his example ; but this was not the 
usual practice of either. We have before stated, 
that the moderns have given to the baluster a variety 
of shapes. On plate 43 we have given the designs 
recommended by Chambers, with the method of pro- 
portioning them, in the manner adopted by him. 
No. 1 is the Tuscan ; No. 2 the Doric and Ionic ; 
No. 3 the Corinthian and Composite. No. 4 is a 
design for a Tuscan baluster, and has generally been 
executed square. Nos. 5, 6, and 7 are designs* for 
double-bellied balusters, and are intended principally 
for balconies and terraces, the rail and pedestal being 
the same height as in other designs. Chambers has 
designated them respectively the Tuscan, Doric, and 
Ionic and Corinthian. The method of proportioning 
them to the order is as follows : After ascertaining 
the height, as before directed, divide it into thirteen 
parts ; of which, give two to the rail, eight to the 
baluster, and the remaining three to the base : if the 
baluster is required to be less, divide the height into 
fourteen parts, giving two to the rail, eight to the 
baluster, and four to the base. One of these parts 
is a module for determining the rest, and is divided 
into nine other parts, called minutes. From what 
has been said, the whole on plate 43 will, without 
doubt, be clearlv understood. — Editors. 
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GKECIAN OKDERS. 

The Doric, the Ionic, and the Corinthian were the only orders of 
architecture employed by the Ghreeks. The Tuscan and Composite 
were used only in Italy — the one more rude, the other more orna- 
mented, than the Greek orders, which occupied a middle rank. To 
attain, therefore, a proper knowledge of the true principles of archi- 
tecture, the student should devote most of his attention to the three 
Qreek orders ; not only because in them these principles are the 
most displayed, but because of all the monuments of antiquity 
which have subsiBted to modem times few, or perhaps none, can be 
pointed out in which the Boman or Italic mode of construction is 
eertainly to be traced. 



DEFINITIONS. 

1. If any number of fmstums of cones, or frus- 
toms of conoids of similar solids and equal magni- 
tudes with each other, be so arranged that their 
bases, which are the thickest ends of the frustums, 
may stand upon or in the same horizontal plane, 
and their axes in the same plane with each other 
and perpendicular to the horizon ; and if on the tops 
of these frustums be laid a continued beam ; and if 
over this beam be laid the ends of a number of equi- 
distant joists, the other ends being either supported in 
the same manner, or by a wall or any piece of build- 
ing whatever, so that the upper and under surfaces 
may be in the same horizontal planes ; and if over 
the ends of these beams be laid another beam paral- 
lel to the former, which lays upon the frustums, but 
projecting farther out from the axis of the columns 
than the vertical face of the. lower beam which is 
over the frustums ; and if this beam supports the 
ends of rafters whose upper surfaces lay in the same 
inclined plane, so as to support a covering or roof, — 
the whole of this mass, together with the frustums 
supporting it, is called an order, 

2. If the bottom or lower end of the frustum 
finish with an assemblage of mouldings, projecting 
equally all round beyond the bottom of the frustum, 
then this assemblage is called a base. 

3. H the upper end of the frustum finish with 
mouldings or any kind of ornaments, and if these 
ornaments or mouldings be covered with a solid, 
whose upper end and lower sides are square, and the 
vertical or perpendicular sides rectangles, then this 
solid, together with the ornaments or mouldings 
under it, is called a capital. 



4. K the frustum has no base, then the capital 
and frustum together are called a frustum column ; 
but if the frustum has a base, then the base, frus- 
tum, and capital, taken together, are simply called a 
column. 

5. The mass supported by the columns is called 
an entablature. 

6. The under beam of the entablature is called an 
architrave or epistyUum. 

7. The space comprehended between the upper 
side of the epistylium or architrave and the under 
edge of the beam over the joists, is called the frieze 
or zophorus. 

8. The edge or profile of the inclined roof sup- 
ported by the joists or cross beams, jetting out be- 
yond the face of the zophorus or frieze, is called a 
cornice. 

9. The lowest or thickest part of a column is 
called the diameter of the column* 

10. Half of the diameter of the column is called 
a module. 

11. If a module be divided into thirty, or any 
other number of equal parts, then these parts are 
called min/utes. 

12. The shortest distance from the bottom of the 
frustum of one column to the bottom of the frus- 
tum of the next column is called the intercolumni- 
ation. 

13. When the intercolumniation is one diameter 
and half a column, it is called pycnostyle^ or coU 
wmns thick set. 

14. When the intercolumniation has two diam- 
eters of the columns, then it is called systyle. 

15. When the space between the columns is two 
diameters and a quarter, then the intercolumniation 
is called eustyle. 

16. When the intercolumniation is three diam- 
eters of the columns, then it is called decastyle. 

17. When the distance between the columns has 
four diameters of the columns, then that intercolum- 
niation is called arceostylcy or columns thin set. 

18. When there are four columns in one row, then 
that number is called tetrastyle. 

19. When there are six columns in one row, then 
it is called hexastyle. 

20. When there are eight columns in one row, 
then it is called octastyle. 



GRECIAN DOBIC. 
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GKECIAN DORIC. 

The fint Orecisn (nder in point of antiquity i« the Doric, to 
called from the Dores, a small tribe in Oieece ; or, as some say, 
from Doius, an Achaian chie( who first employed the Older in 
erecting a temple to Juno, at Argoa. 



DEFINITIONS. 

1. If throiigh the axis of the shaft be supposed to 
pass twenty vertical planes, making equal angles 
with each other, which will cut the surface of the 
column in twenty places ; and if the surface of the 
column be curved or hollowed between each two 
lines, from the bottom to the top of the shaft, ter- 
minating immediately under the lowest annulet, — 
then the shaft will have twenty curved sides, and as 
many angles ; and if nearly at the upper end of the 
shaft be cut one or more grooves, of an equal depth 
from the surface of the hollowing, each groove being 
parallel to the annulets under the echinus, then a 
column so formed is called Doric, 

2. That part of the column contained between the 
upper channel and the lower annulets is called the 
hypotracheliony neck^ or frieze of the capitdL 

3. That part of the Doric column comprehending 
the abacus, echinus, annulets, and hypotrachelion, is 
called a Doric capital, 

4. If the ends of the cross beams in the frieze 
which lay upon the architrave be at right angles 
to the sides of the beams, and parallel to the front 
or the architrave ; and if the two vertical right angles 
of each beam formed by the two vertical sides and 
the ends be cut away by vertical planes, making 
equal angles with the sides and ends, — that is, 135 
degrees with each, — and if two other vertical chan« 
nels are cut on the end, so that the planes, which are 
three in number, left on the ends of each beam, may 
be equal rectangles, and the two sides of each chan- 
nel make 135 degrees with the ends of the joists, 
and are so disposed that there may be a rectangle 
next to each semi-channel, and then two whole 
channels, leaving a rectangle in the middle, — the end 
of the beam so formed is called a triglyph, 

5. If the spaces between the triglyph be fiUed up 
with planes parallel to the front of the triglyphs or 
to the front of the architrave ; and if these planes 
be in the same plane with each other and recessed 



beyond the ends of the triglypn, so as to show a 
small part of the vertical sides of the beams, — that is, 
to be farther in than the channels of the triglyph, — 
then these spaces so filled up are called metopes, 

6. If the front of the beam which supports the 
rafters that lay upon the joists projects at some dis- 
tance beyond the face of the triglyph, the plane of 
the front being parallel t6 the ends of the beam; 
and if a recess be cut from this beam directly over 
the metopes, the plane of the front of the recess 
being parallel to, and having a small projecture over, 
the metopes, and the ends of the recesses over the 
metopes be in the same plane with the vertical sides 
of the beam,— then that part of the front of the 
beam over the triglyph is called the capital of the 
triglyph. 

I. The whole face of the work comprehended 
between the upper edge of the beam which forms 
the capital of the triglyphs, and the lower end of the 
triglyphs and metopes, is called a Doric frieze. 

8. H from the top of the architrave project a 
fillet whose upper edge is in the same plane with the 
top of the architrave or the lower end of the triglyph, 
the front of the fillet being a vertical plane parallel 
to the front of the architrave, having a small projec- 
ture beyond the front of the triglyph, this fillet being 
supposed to be continued the whole length of the 
architrave, and returning in the same manner round 
its ends ; and if fillets be placed under this fillet, 
whose fronts stand a little within the front of the 
upper fillet, but projecting beyond the face of the 
architrave and the ends of these fillets, in the same 
plane with the sides of the triglyph, and, conse- 
quently, each fillet equal in length to the breadth of 
the triglyph ; and if under each of these fillets be 
fixed six equal similar frustums of cones, at equal 
distances from each other, whose axes are perpen- 
dicular to the horizon, and the same distance from 
the face of the architrave, so that the extremities of 
these frustums may not reach beyond the perpen- 
dicular of the ends of the fillets above them, — then 
the front of the architrave so formed is called a 
Doric architrave. 

9. The upper fillet of the Doric architrave is 
called a tenia. 

10. The fillets under the tenia of the Doric archi- 
trave are each of them called a regnkt. 

II. The little conical frustums under each regula 
are called gvUce^ or drops. 
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12. The plain part of the architrave under the 
tenia and regulee is called /ocia. 

13. If over the capitals of the triglyph be laid 
another beam, whose front is parallel to the metopes 
or to the front of the triglyphs in the frieze, having a 
smaU projecture from the front of the metopes ; and 
if over this beam be laid the ends of the rafters 
virhich support the covering, the ends having a pro- 
jecture forward and parallel to the beam under them, 
one rafter over each triglyph, and also one over every 
metope, placed directly in the middle of each ; that 
is to say, a vertical plane perpendicular through the 
middle of every metope, and also through the middle 
of every triglyph, would pass through the ends of all 
the rafters, and divide them into two equal rectan- 
gles ; and if over the rafters be laid a beam, the front 
of which, being a plane parallel to the ends of the 
rafters, has a projecture ; and if the void spaces be- 
tween each two rafters and the under side of the 
beam above the rafters and the upper side of the 
beam below the rafters be covered* in, so that the 
front of the spaces so covered may be in the same 
vertical plane with the face of the beam Under the 
rafters, — then those ends of the rafters projecting over 
the face of the beam under them are called mutules. 

14. K to the under side of the mutules be hung 
three rows of small conical frustums, of the same 
size as those under the regulae of the architrave, so 
that there may be six in length in each of the rows, 
and three in width, then these conicsd frustums are 
also called guttcB^ or drop's^ as those in the archi- 
trave. 

15. The front of the beam lying over the mutules 
is called coronoj or drip, or larmier. 

16. The under side of the beam lying over the 
mutules is called soffit^ or lacunar. 

17. A building, whether of wood or stone, or any 
other material, having columns supporting an entab- 
lature over them, as described in the preceding defi- 
nitions, ^- such a buUding, so constructed, is said to 
be of the Doric order. 

Having defined the principal parts of this order, it 
may not be improper to observe that the Doric order 
has, in general, more mouldings in the cornice ; but 
as these vary in different buildings, and as the mem- 
bers already described form its modt striking features, 
it would have been useless to have taken any ac- 
count of them in the definitions. 



PROBLEM I. 

To draw the elevation of a Grecian Doric 

order. • 

Make the lower diameter of the shaft of the col- 
umn one eighth of the entire height of the order ; 
divide the diameter of the column into two equal 
parts; then one of these parts is a module; divide 
the module into thirty equal parts, and each of these 
parts will be a minute ; make the height of the col- 
umn twelve modules, the height of the capital one 
module; divide the height of the capital into five 
equal parts ; give one to the hypotrachelion, and two 
parts to the annulets and echinus ; make the annu- 
lets one quarter of the echinus, and the remaining 
two parts to the abacus ; make the upper diameter 
of the shaft three quarters of the lower diameter of 
the shaft, the length of each side of the abacus two 
modules and one fifth, or two modules and twelve 
minutes ; the height of the entablature will be four 
modules, of which the height of the cornice will 
have one module, and the frieze and architrave each 
forty-five minutes, or one module and a half ; divide 
the height of the frieze into eight parts; give the 
upper one to the capital of the triglyph, and the 
three lower for the channels ; make one edge of the 
triglyph in the columns at the angles of the building, 
directly over the axis of the column, the breadth of 
the triglyph twenty-eight minutes, having the other 
edge of the triglyph directly at the angle of the 
building ; and make the distance between the 
triglyph, or width of the metopes, equal to the height 
of the frieze, forty-two minutes ; place all the col- 
umns between the two extreme ones directly under 
the middle of the triglyphs. Make the height of the 
tenia one tenth of the height of the epistilium ; and 
the height of the regula, together with the guttsB, 
equal to the height of the tenia. The height of the 
cornice being one module, make the height of the 
small bead on the lower part of the cornice one min- 
ute ; the height of the mutules, including the guttas, 
four minutes and a half; the length of the mutules 
equal to the breadth of the triglyphs, and their pro- 
jection beyond the faces of the triglyphs two thirds of 
their length, observing that one should be directly 
over the middle of every triglyph, and one over the mid- 
dle of every metope ; make a fillet above the mutules 
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one minute and a half high, to project beyond the 
mutoles half a minute over this fillet; make the 
height of the corona one third of a module, or ten 
minutes, having a projecture over the fillet one min- 
ute ; make the height of the small echinus one min- 
ute and a quarter ; over the echinus make a fillet of 
the same height ; over the fillet make another echi- 
nus six minutes and a half high, and two minutes 
will remain for the height of the fillet above the 
echinus. 

In order to establish the proportions and true taste 
of the original Doric order, the following examples 
are taken from the most celebrated buildings now 
remaining of this order. The module is divided into 
thirty parts, or minutes ; the measures are all num- 
bered in these parts ; the projections are reckoned 
from a line representing the axis of the column, and 
are figured at the extremities of ^each member. 

Plate 44. 

ELEVATION OF THE DORIC ORDER Ol^ THE TEMPLE 
OF MINERVA, AT ATHENS, CALLED PARTHENON. 

This temple, dedicated to Minerva, the chief god- 
dess of the Athenians, is the most beautiful piece of 
antiquity remaining. It was built by Pericles, who 
employed Ictimus and Callicrates for his architects. 
The entablature is charged with historical figures of 
admirable workmanship ; the figures of the pediment, 
though seen at so great a height, appear to be as 
large as life, being in alto rilievo, and well executed ; 
the figure in the middle seems to have been made 
for Jupiter, its right arm being broken off, which prob- 
ably held the thunder. It is likely that between his 
legs was placed the eagle ; for the beard, and majesty, 
and expression of his countenance, and the figure 
being naked, as he was usually represented by the 
Greeks, sufficiently show it to have been made for 
Jupiter. At his right hand is another figure, covered 
half way down the legs, coming towards him, which 
perhaps was a Victory, leading the horses of Miner- 
va's triumphal chariot, which follows it. The horses 
are finished with great art ; the vigor and spirit pe- 
culiar to those animals seem here to receive addition, 
as if inspired by the goddess they drew. Minerva, in 
the chariot, is represented as the goddess of learning 
rather than of war, without helmet, buckler, or a Me- 
dusa's head on her breast, as Pausanias describes her 

image within the temple. Behind her i^ another 

13 



figure of a woman sitting. The next two figures in 
the comer are the Emperor Hadrian, and his empress 
Sabina. On the left hand of Jupiter are five or six 
figures, which appear to be an assembly of the gods, 
where Jupiter introduces Minerva, and acknowledges 
her his daughter. 

The pediment at the other end of the temple was 
adorned with figures, expressing Minerva's contest 
with Neptune about who should name the city of 
Athens, of which there only remains a part of a sea 
horse. 

The frieze is charged with basso riUevos, of excel- 
lent workmanship, on which are represented the bat- 
tles of the Athenians with the Centaurs ; these appear 
to be as old as the temple itself. 

Within the portico on high, and on the outside of 
the cella of the temple, is another border of basso 
rilievos around it, at least on the north and south 
sides of it, which is without doubt as ancient as the 
temple^ and of admirable workmanship, but not in 
so high a rilievo as the other. On it are represented 
sacrifices, processions, and other ceremonies of the 
heathen worship. 

This temple is now turned into a Turkish mosque. 

Fig. 1. Elevation of the Doric order; the propor- 
tions of the parts in numbers. 

Fig. 2 is a design, showing the order, with the col- 
umn and entablature entire. 

Plate 45. 

Fig. 1. This example shows the return of the flank 
at the angle of the building. The figures in the 
metope are omitted. 

Figs. 2 and 3 show the forms of the moulding and 
upper part of the cornice. 

Fig. 4. Elevation of the capital, and of striking 
the ovolo by conic sections. 

Fig. 5. Section of one half the column. - 

Fig. 6. Section through the annulets, of a large 
size. 

Fig. 7. Plan of the soffit inverted. 

Plate 4e. 

ELEVATION OF THE DORIC ORDER ON THE TEMPLE 

OF THESEUS, AT ATHENS. 

This temple is one of the most ancient examples 
of the Doric order now existing; it was erected about 
ten years after the battle of Salamis, by Cimon, the 
son of MUtiades. The ceiling of the porch is re- 
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markable for its constraction ; there are great beams 
of marble, the upper sides of which are level with the 
bed of the cornice, and the ends corresponding ex- 
actly to the triglyphs in the frieze, which give the 
idea of the disposition of the timbers which were 
first used in buildings, and from which the Doric 
order is said to have had its origin. 

This building is adorned with beautiful sculpture ; 
the metopes of the frieze are charged with historical 
figures, on which are represented various exploits of 
Theseus ; the battle he had with Sinis, the notorious 
robber, who dwelt in the Isthmus of Corinth. The- 
seus is represented making Sinis undergo those tor- 
ments which he had inflicted on others. 

In the basso rilievo is represented a man taking 
hold of another by his middle, and endeavoring to 
throw him down j this is, doubtless, intended to rep- 
resent Theseus throwing Sciron from a rock; the 
combat of Theseus with the wild sow of Cromrayon, 
which was killed by that hero. In another basso 
rilievo is represented a man presenting his hand to 
a woman, perhaps to express the rape of Ariana, or 
Helen, by Theseus. 

Some others of the basso rilievos in the metopes 
are less distinguished The two mentioned by Pau- 
sanius are still to be seen on the front of the temple ; 
one represents the battle of the Athenians with the 
Amazons, the other the dispute of the Centaurs and 
the Lapithee, in which Theseus kills a Centaur with 
his own hand. 

The first seems to represent the instant when the 
Athenians granted peace to the Amazons, for there 
the women are represented as sitting. 

The inside of the temple is not ornamented like 
the outside. 

This temple is now a Greek church, dedicated to 
St. George, and is at present in high esteem among 
the Athenians. 

Fig. 1. The elevation of the order, with the heights 
and projections of the members in numbers. 

The figures in the metopes are omitted. 

Fig. 2. Represents the ovolo above the facia of 
the cornice. 

Fig. 3. Plan of the soj£t inverted. 

Fig. 4. Plan of the ovolos and annulets of the 
column. 

Fig. 5. Section of one half of the column. 



ELEVATION OF A GRECIAN DORIC, OP A LIGHTER 
PROPORTION THAN ANY OF THE PRECEDING, WITH: 
THE PROPORTIONAL MEASURES IN NUMBERS. 

The ratio of the parts of this elevation is the same 
as that on the portico of Philip, King of Macedon, in 
the Island of Delos ; but the profile of the cornice 
diiSers as follows : Instead of the ovolo, which I have 
introduced in this example, a cima recta in the origi- 
nal occupies its place ; and instead of the next ovolo 
under the fillet in this, there is in the original a cima 
reversa. The profile in this plate I- conceive to be 
more beautiful than the original, as it will produce a 
greater variety of light and shade, and, consequently, 
the mouldings will be more clearly defined ; but as 
the reader may be desirous of a knowledge of the 
true form and taste of the original mouldings, I have 
shown them in Fig. 3. 

Fig. 1. Elevation, with the proportional measures 
in numbers. 

Fig. 2. A section through the upper part of the 
cornice, showing the form and taste of the mouldings 
introduced into this elevation, by P. Nicholson. 

Fig. 4. A section of the antse of the same portico. 

Plate 48. 

FROM THE CHORAGIC MONUMENT OP THRASYLLUS. 

Fig. 1. The proportional measures in number. 
Fig. 2. Section through the cornice. 
Fig. 3. Section through the capitaL 



GRECIAN IONIC. 

Plate 49. 

THE IONIC TEMPLE. 

Fig. 1. A ground plan of the Temple on the Utasas, -with a por- 
tico at each end. The coliuns G Q are wanting ; but in the place 
-where they stood circles are marked on the pavement, which are 
exactly of the same dimensions with the remaining columns, and 
were evidently designed as an accurate guide to the workmen, when 
they erected those columns which are now destroyed ; for which 
reason it was thought necessary to make these circles likewise on 
the plan which is here given. The capitals of the antse, belonging 
to the posticus or back front, remain entire, and are of the same 
form and dimensions with those of the portico, except only that the 
sides contiguous to the back wall of the cell are but half so broad 
as the faces next to the columns ; whereas, in the antes of the por- 
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tioo, tluB lidaB next tiie pconaoB and the fhees next the ooluinns 
aiB equaL The architrayes of the back £ront project considerably 
beyond the ants, and there are sufficient remains of them to show 
exactly how far the columns of the back front were distant from 
the back wall of the celL 

Fig. 2. The eleration of the south side of the temple. 

NoTB. — The ground plan and eleyation axe here given as meas- 
ured by Stuart and Revett, in feet, inches, and decimals. 

It has been already observed, in the general definitions of the 
orders, that every order consists of a column and an entablature ; 
that every column consists of a base, a shaft, and a capital, except 
in the Doric, where the base is omitted ; that every entablature con- 
sists of an architrave, a frieze, and a cornice ; that the base, shaft, 
capital, architrave, frieze, and cornice are the principal members of 
an order ; and that the pecxdiar mode or form of the members de- 
termines the particular name of the order. But since many of the 
mouldings are common to all the orders, and are generated in a 
similar manner, what has been said in the general definition, and 
also on the Doric order, will render it unnecessary to repeat the 
same things in the Ionic, as such mouldings cannot form any partic- 
ular feature of any particular order. It is therefore shown, in the 
subjoined definitions, how these members ought to be modified, so 
that they may constitute the Ionic order. 



DEFINITIONS. 

1. If from the under side of the abacus of an or* 
der there project two or more spirals on each end of 
the front, in a plane, parallel to the frieze, so that the 
extremity of each shall be at the same distance from 
the axis of the column, and also two others upon the 
opposite side of the abacus, parallel to the former 
and projecting the same distance from the axis of the 
column, so that each of the spirals shall have the 
same number of revolutions, and equal and similar to 
each other, the projecting part contained between 
any two spirals is called a volute. 

2. An order which has volutes and mouldings in 
the capital of the annular kind, and the ichnography 
of the abacus square, as in the Doric order, the archi- 
trave finishing of plain facise, and mouldings either 
plain or enriched, the frieze a plain surface, the cor- 
nice to consist of a cima recta, then a fillet and an 
echinus only ; and if to the under side of the corona 
are hung a row of equal and similar parallelopipeds, 
equidistant from each other, whose fronts are in a 
plane parallel to the plane of the frieze, then each of 
these parallelopipeds is called a dentil 

3. An order so constructed is similar to that in- 
vented by the lonians, and, consequently, is the Ionic 
order. 



Plate 90. 

FROM THE IONIC TEMPLE ON THE RTVBIU ILISSITS, 

AT ATHENS. 

The simplicity and greatness of the parts, their 
judicious arrangement-, the beautiful turning on the 
volutes, and the graceful curve of the hem hanging 
between them, render this one of the most beautiful 
and bold examples of this order. 

The elegant base of the column, the grand propor- 
tion of the entablature, the massy mouldings of the 
cornice, and the spacious surface of the frieze, well 
adapted for sculptured ornaments, and the architrave 
for its strength, as it is not broken in two or more 
faciee, are considerations which should recommend 
this example. 

Pig. 1. The elevation of the order and details fig- 
ured in proportional parts for practice. 

Fig. 2. A drawing of the order, by dividing the 
whole height into twenty-one parts, which are dis- 
posed of in modules and minutes, as shown in the 
example ; one of the parts makes a module, or thirty 
minutes. 

Fig. 3 shows how to form the curve of the fluting ; 
the Grecians used the eUipsis form, whUe the Ro- 
mans as uniformly made use of a semicircle, as in 
Fig. 4. 

Fig. 4. Explained the same as Fig. 3, in plate 58. 

Plate 91. 

Fig. 1. The capital inverted, of the different tastes 
of forming the volutes. 

Fig. 2. The elevation of the same. 

Plate 59. 

FROM THE TEMPLE OF MINERYA POLIAS» AT PRIENl^ 

IN IONIA- 

The small projection of the cima recta, and its 
great height, is of itself beautiful and well contrived 
for the ornament, as it is less obscured by the shadow 
from the concave and convex parts of the moulding. 
This small projecture is also well adapted for a low 
corona; for the greater the projecture of the cima 
recta, the more it will predominate over the corona, 
by the principles of optics ; and, on the contrary, the 
less the projecture of the cima recta, the less it will 
predominate over the corona. It follows, therefore, 
that a low corona will require a cima recta of a 
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small projecture ; but a greater height of the corona 
will require a greater projecture of the cima recta, 
and a lem height. The dentils, which are a striking 
feature in this order, show here to very great advan- 
tage, their bold and singular projecture greatly reliev- 
ing them from each other. 

The architrave is well proportioned to itself, and 
also to the cornice ; the capital is elegant, and the 
spirals of the volutes are beautifully drawn. 

The surprising delicacy of the ornaments, and their 
bold relief, with the grand ratio of the parts and 
mouldings to each other, render this one of the most 
beautiful examples of the Ionic order. 

Fig. 1. The elevation of this example, the propor- 
tional measures in numbers. 

Fig. 2. Ichnography of the dentils. 

Fig. 3. Profile of the mouldings in the base to a 
larger size. 

The cimatium, or crown of the architrave, was 
taken from the designs of Mr. Wood, who visited 
this temple before Mr. Revett 

The base of the column is true Ionic : it has no 
plinth ; the upper scotia is inverted, which diversifies 
and gives the contour a greater beauty than is the 
Vitruvian base, in which the scotiee are one over the 
other, uninverted. The torus is elliptical, and 
fluted. 

The eyes of the volutes are bored two inches and 
a half deep ; the hem, or border, with its fillets rest- 
ing on the echinus, and connecting with a gracefrd 
curve the spirals of the volutes, seeming to keep 
them secure in their place, adds greatly to the beauty 
of this capital. 

Plate 58. 

FROM THE TEMPLE OF MINERVA POUAS, AT PRIENE. 

Fig. 1. Section through the cornice of the pediment. 

Fig. 2. Front of the cornice, showing the orna- 
ments on the mouldings. It is remarkable, that the 
enrichment of the upper moulding difiers from that 
on the lateral cornice. 

Fig. 3. The mouldings of the capital, with their 
proportion in numbers. 

Fig. 4. Volute, with the measure in feet, inches, 
and tenths. 



Fig. 5. A section through the upper tonu of the 
base, which is of an elliptical form, the transverse 
axis being inclined to the plane of the horizon. 



Plate 54. 

FROM THE SAME TEMPLE. 

Fig. 1. The elevation of the front of the capital, 
to larger size. 

Fig. 2. The ichnography of half of the capital. 
Fig. 3. Side elevation of the same. 

Plate 99. 

FROM THE TEMPLE OP BACCHUS, AT TEOS, IN IONIA. 

This temple was first begun of the Doric order, by 
Hermogenus ; but afterwards he changed it into the 
Ionic, and dedicated it to Bacchus. 

This example is drawn from accurate measures, 
taken from that celebrated building. 

The dentils, in the cornice, add greatly to the char- 
acter of the order. 

Fig. 1. The elevation of the order. It may here 
be observed, that no measures have been taken of 
the parts which are marked in this example with 
letters, as none of them could be found. They are 
here supplied by mere conjecture. 

The base of the columns. It is thought, from the 
little differences between the shaft at the base and 
that immediately under the capital, that the base 
which is here exhibited did not belong to the capital 
shown at Fig. 1, but to some of the interior columns ; 
for the ancients always made the interior ranges of 
columns less in diameter than the exterior, as is to 
be found in the celebrated Athenian buildings, the 
Temple of Minerva, and the Propylea. 

Fig. 2. Profile of one half the front of the capital, 
with the measure of the volute, and proportional 
measures in numbers. 

Plate 96. 

FROM THE TEMPLE OF MINERVA, AT ATHENS. 

Fig. 1. Another example of a volute, showing the 
different sections and formation of the face mould* 
ings thereof. 

Fig. 2. A section through A B. 
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GRECIAN ARCHITECTURE. 

CORINTHIAN ORDER. 

On the architraye of the Choragic Monument at Lyaicrates was 
the following inscription : — 

<< lAfneraiM, of Kikyna, the son of lAtitheides, was choragus, (or gave 
the chorus at his own expense.) 77ie tribe of AkamantU obtained 
the victory in the chorus of boys, Theon was the performer on thefiute ; 
Lysades, an Athenian, was the teacher of the chorus, Evaenatus was 
Qtrehon,** 

From this we conclude that on some solemn festival, which was 
celebrated with gkmes and plays, Lysicrates of Kikyna, a demos 
or borough town of the tribe of Akamantis, exhibited at his own 
expense, on behalf of the Uibe to which he belonged, a musical or 
theatrical entertainment, in which the boys of Akamantis obtained 
the victory ; also, that, in commemoration of the victory, this mon- 
ument was erected to perpetuate the same to posterity, by the name 
of the archon, or magistrate, in whose time this took place. It ap- 
pears that the building was erected about three hundred and thirty 
years before the Christian era, in the time of Demosthenes, Apelles, 
Lysippus, and Alexander the Great. The tripod seems to have 
been the peculiar reward bestowed by the people of Athens on that 
choragus who exhibited the best musical or theatrical entertain- 
ment ; and we find this particular custom obtained for these tripods 
the name of choragic tripods. It was customary for the victor to 
dedicate the tripod he had won to some divinity, and to place it 
either on one of the temples already buUt, or on the top of some 
edifice erected and consecrated by him for the purpose. Thus they 
participated of the sanctity of the place, and were secured &om in- 
jury or violence. 

A tripod thus dedicated was always accompanied with an inscrip- 
tion, so that it became a permanent, authentic, and public monu- 
ment of the victory and of the person who had obtained it. 

Stuart and Revett deduce many circumstances to prove that it 
was erected for the above purpose, which appears rational and 
conclusive. 



Description of the Choragic Monument. 

The Choragic Monument of Lysicrates, which we 
are about to describe, is commonly called, by the mod- 
ern Athenians, ro 4>ava|i rw At}fj<o(fd8vfo;, or the Lantern 
of Demosthenes. 

This monument of antiquity, which is exquisitely 
wrought, stands near the eastern end of the Acropo- 
lis, and is partly enclosed in the hospitium of the 
Capuchins. It is composed of three distinct parts : 
first, a quadrangular basement ; secondly, a circular 
colonnade, of which the intercolumniations were en- 
tirely closed ; and thirdly, a tholus^ or cupola, with the 
ornament that is on it There is no entrance or aper- 
ture in the basement, which is entirely closed on 
every side. The basement supports the circular col- 
onnade, and was constructed in the following man- 
ner : Six equal panels of white marble placed con- 



tiguous to each other, on a circular plan, formed a 
continued cylindrical wall, which was divided from 
top to bottom into six equal parts by the junction of 
the panels. On the whole length of each juncture 
was cut a semicircular groove, into which a Corin- 
thian column was fitted with great exactness, so as 
effectually to conceal the junctures of the panels.* 
These columns projected somewhat more than half 
their diameters from the surface of the cylindricaT 
wall, and have the Attic base. The shaft of the col- 
umn is fluted in a singular manner ; it contains thir- 
teen flutes: the lower extremities of these flutings , 
descend below their usual limits, and are cut into the 
apophyges, or scape of the column, and the upper 
extremities terminate in the form of leaves ; the an- 
nular channel, immediately above them, which di- 
vides the shaft of the column from the capital, was 
probably filled with an astragal or collaiino of bronze. 
Under this terminated the fluting in the form of an 
annular tier of leaves, turning outward from the shaft 
' of the column. 

This capital exhibits a specimen of the Grecian 
art. The annular tier of leaves springing from the 
neck in form of the palm, the acanthus forms the 
second tier with the flowers. In the third tier is 
shown the beautiful branches and the scrolls, tenni- 
nating under the angular extremity of the abacus, 
the points of which are cut short ; it in this respect, 
as well as in the disposition of the foliage, differs con- 
siderably from any other example of the Grecian 
Corinthian capitals. 

The entablature. The architrave is divided into 
four divisions, the band or ogee and three parallel 
planes or faces projecting one over the other; the 
lower edges stand out one or two degrees from a per- 
pendicular line. 

The frieze of this entablature is ornamented with 
sculpture, representing the story of Bacchus and the 
Tyrrhenian pirates. The figure of Bacchus himself, 
the fauns and the satyrs who attended on the mani- 
festation of his divinity, the chastisement of the 
pirates, their terror and their transformation into dol- 
phins, are expressed in this basso rilievo with great 
spirit and elegance. 

The cornice is very plain, composed of dentils and 



* The two tripods are wrought in basso rilievo on each of the 
panels; they are probably of the kind described by Homer and 
Hesiod. 
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plain mouldings, in the place of the cima or dma- 
tium, having an upright front ; it is ornamented with 
scrolls and honeysuckle foliage in basso tilievo, in 
the Vitruvian style. This cornice is composed of 
several pieces of white marble, and bound together 
by a cupola of one entire piece. 

The cupola is ornamented with elegant workman- 
ship ; its covering imitates that of thatch or of laurel 
leaves ; the turret standing directly over the wall re- 
sembles a Vitruvian scroll ; next above the laurel 
leaves, the covering of the dome, spring three scrolls, 
at equal distances from each other, in imitation of 
those branches in the capital shown in this plate. 
The flowers that ornament the top rise from the cen- 
tre, and are composed of workmanship of foliage, 
which terminate in thf6e divisions of scrolls, of great 
richness, on the top of which it is believed was sup- 
ported the tripod gained as the prize, from the cir- 
cumstance that cavities are cut on the three principal 
projections in an equilateral triangle, into which the 
feet of the tripod were probably fixed ; and in the 
fourth cavity, which is in the centre, and much the 
largest, was erected a baluster to support the tripod. 

Plate 57. 

Pig. 1. This figure represents the elevation of the 
Grecian Corinthian order, from the Choragic Monu- 
ment of Lysicrates, proportioned to modules and 
minutes. 

Fig. 2. The inverted projection of the cornice. 

Fig. 3. The base is attached to the basement 

Fig. 4. The capital inverted. 

Plate 59. 

To draw the flutes of the columns of the Doric 

order. 

Divide the semi-circumference into ten equal parts ; 
then with one of those parts, as a radius, and the 
extremities of any division, as at 3 and 4, describe 
arcs, cutting each other in C, and through C describe 
a circle, or a part, and draw lines from the centre, 
cutting that circle, which will give the centres for de- 
scribing the flutes. 

Or thus^ for deeper Flutes. 

Bisect any division, as 5, 6, at /; then on 5, 
with the distance 5 /, describe an arc / D, cutting 
the radius produced through 5 at D, and draw 
the radii through the points 6, 6, 7, 8, 9," 10, cut- 



ting that circle, which will give the centres of the 
flutes. 

Fig. 2. The elevation drawn from the plan, Fig. 1. 

To draw the flutes of the Ionic and Corinthian 

orders. 

Fig. 3. Divide the semi-circumference into twelve 
equal parts ; divide any division, as between 6 and 
6, into eight equal parts ; then with a radius of three 
of these equal parts, on the ppints 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, as centres, describe the flutes, which 
will leave the fillets. 

Fig. 4. The elevation drawn from the plan. Fig. 3. 



BASES. 

In no example of antiqnity is the Doric oolnnm prorided with a 
base, lliis drcomatance, says Mr. Partington, has occasioned no 
>8maU perplexity to some of those writers who seek, in every point* 
some analogy to the human figure. Yitruyius has indeed said that 
the base is a thoe^ first inrented to cover the nakedness of the ma- 
tronly prototype of the Ionic order. <* But," says Monsieur Le Clerc, 
« I must own I cannot consider a column without a base, comparing 
it to a man ; but I am, at the same time, struck with the idea of a 
person without feet, rather than without shoes ; for which reason, 
I am inclined to believe, either that the architects had not yet 
thought of employing bases to their columns, or that they omitted 
them in order to leave the pavement clear, the angles and projec- 
tions of bases being stumbling-blocks to passengers, and so much 
the more troublesome, as the architects of those times frequently 
placed their columns very near each other, so that, had they been 
made with bases, the passages between them would have been ex- 
tremely narrow and inconvenient." To supply this defect, as it is 
generally considered, most architects have employed the Attic bate, 
which is common to all the orders except the Tuscan, though be- 
longing, perhaps, more peculiarly to the Ionic. We have, therefore, 
here given a representation of it, aa ftimished by Mr. Partington, 
from Yignola. 

It is seen that it consists of two tori, 
with a scotia and fillets between, the 

upper of which, in this version, resembles 

an inverted ovolo. The fillet, above the f^—"""""""""""***^"^ 
upper torus, is always connected with the * ' 

shaft by a curve, as is also that under the 
capital, for which reason they are com- 
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monly considered as part of the shaft. The plinth^ or square mem- 
ber beneath, is usually understood, in Boman architecture, as an 
indispensable appendage to the base, though Palladio has omitted it 
in his Corinthian order ; but it is rarely found in the Greek speci- 
mens. To save this order, however, from the sad humiliation of 
being obliged to borrow a shoe, when required to wear one, Vignola 
provided it with this appendage. His base consists of one lazge 
torus, with one considerably smaller resting ujpon it, surmounted 
by the fiUet 
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M. Le Clero ha8» in the opinion of Mr. Partington, disooTered the 
true reason why, at least in the latter Greek specimens, the base is 
omitted — namely, the yery narrow intercolnmniations. In the 
Greek order, alteration is not probable, and, perhaps, not desirable ; 
but in the Roman, where this addition has long been provided for 
US, and the intercolnmniations aiQnsted accordingly, the omission 
would be certainly improper. 



ROMAN BASES. 

Several designs for bases after the Roman taste 
are given on plate 59, which may be applied to col- 
umns, pilasters, and, in some instances, to rooms, 
chimney-pieces, &c. 

Plate M. 

Fig. G. The Tuscan order. 
Fig. E and A. The Doric. 
Fig. B and C. The Ionic. 
Fig. D. The Corinthian. 



ENTABLATURES. 

The orders consist of a composition of parts. When considered 
in gross numbers, they consist of two parts, Tiz., the column and 
entablature. These divisions are subdivided: the column com- 
prises the base, capital, and their appendages, as shown in the orders. 
The entablature consists of the architrave, Meze, and cornice. The 
architrave, in all the orders, has the band. The Grecian Doric, 
however, does not famish us with more than two divisions, — the 
band and frieze. The band, or fillet, which constitutes the upper 
part of the architrave, is projected under the triglyph ; and an an- 
nulet is dropped from the fillet, a little on the frieze, to the soffit of 
which are attached aij£ drops, as in the Grecian examples. 

In the Ionic and Corinthian orders, the Greeks have divided the 
fifieze into three projecting parts, as shown in the example from the 
Temple of Minerva ?olias. The divisions are, 1st, 10| ; 2d, 12| ; 
3d, Hi minutes. The Romans, in this respect, have followed the 
Greeks, except in the proportions of the divisions ; as seen in the 
Doric elevation found at Albano, near Home; in the Diocletian 
Baths ; and in the example from Andrea Palladio. 

2d. The fiieze or oniablature is ornamented, in the Doric order, 
with triglyphs, and sometimes with sculpture, as shown in the ex- 
ample from the Temple of Theseus, at Athens. Aldrich has intro- 
duced triglyphs into the Composite order, which I consider a com- 
•position of the three orders. This practice, however, is seldom 
adopted -, although there may not be much impropriety in borrow- 
ing from the Doric, as well as from the two higher orders. 

The capital of the triglyph is from 4 to 6 minutes wide. The 
vndth of the triglyph is commonly from 28 to 30 minutes, having an 
angle of 135 degrees from the outer comers, cutting from the face 
2i minutes. The intermediate space is divided into five parts, the 
second and fourth being cut at right angles from the centre. 

The frieze of the two higher orders, viz., the Ionic and Corinthian, 
afford a variety of ornaments, of which the Romans have been very 



profuse ; as on the Temple of Fortuna Yirilis, at Rome. See tHao 
the example from the Arch of Titus. 

3d. CbmtMt. — This assemblage of parts affords much variety, from 
the plain bed mould, mutules, dentils, and modOlions. The mu* 
tules are common in the Doric planceer. The dentils are common 
in the Ionic, and are placed between the hollow and the quarter 
round,,as shovm in the bed mould. An example of this is found 
in the Temple of Fortuna YiriUs, and in the Coliseum, at Rome. 
The quarter round is sometimes ornamented with the egg and dart. 
The Corinthian order has dentils and modUlions, as shown in the 
example from Jupiter Stator. The mouldings are often ornamented 
with carvings of various designs. 

The facia, in the Grecian Doric, projects from 27 to 30 minutes 
from the triglyphs. In the Roman Doric, it sometimes projects 
from 34 to 37 minutes. The height of the facia varies from 7 to 11 
minutes. The crown moulding is a cima recta, and, in modem 
times, the ovolo has been introduced in many instances, which is 
preferred on account of its superior strength, and the beautiful 
variety of light and shade which it presents to the eye. We find 
some examples overcharged with mouldings, which are not only 
offensive to the eye, but destroy the appearance of strength and 
proportion. An error of this kind is found in the Diocletian Baths, 
in which the graceful simplicity is lost, when compared with the 
Grecian Temple of Theseus. In the cornice, the fiscia has too 
much projection, and is not deep enough, and would have a far 
better appearance were the dentils quarter round, and bead left 
out. They are not considered as properly belonging to the Doric 
order. Palladio and others (as shown in some of the Roman ex- 
amples given in this work) made use of a plain, simple bed mould, 
composed of a hollow and round, under the planceer. This is as 
much as .belongs to the Doric. 

In the Ionic, the Greeks have made xue of the echinus, dentils, 
an angular fillet, and a quarter round, under the planceer, as in the 
example from the Temple of Minerva Polias. The extraordinary 
projection of the dentils, rising above a plain frieze, has a beautiful 
effect, as well as the modillions in the Corinthian order. This mo- 
dillion is frequently ornamented with foHage ; a decoration properly 
belonging to, and supporting, the planceer. The ornamented ovolo 
under the modillions, as found in the portico of the Pantheon, by 
its chaste appearance, occasioned by not adding a surplus of variety, 
is rendered one of the best specimens of the Romans. The example 
taken from the Temple of Jupiter Stator is very beautaful. The 
majestic proportions of the capital and entablature would give it 
the superiority, were it not overcharged with too much finery. The 
addition of dentils, however, can be no objection to its pleasing 
effect, as, in cities, eave cornices are not often viewed to advantage 
at a greater distance than the angle of forty-five degrees, and within 
that distance the ornamented planceer shows to good advantage. 
The proportions of cornices should invariably be regelated according 
to these distances. If at the angle of forty-five degrees, the height 
should be equal to its projections. J£ short of this, its projections 
should increase, in regular proportion, in all its members. The 
crown moulding of the cornices should be projected with some 
variation, — the Grecian ovolo at forty-five degrees, — but the cima 
recta should not project so much, in order to open it more to the 
rays of Ught ; for if the swell does not receive a strong light, it is 
rendered obscure at any considerable height. 

I have introduced in this place several designs for cornices, which 
may assist, in some measure, the fancy of those who may wish to 
vary from the original Greek and Roman styles and proportions. 
They may be executed on frontispieces, and many other places, 
to advantage. 
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Plate eo. 

Presents five cornices, with the scale to which 
ihey are drawn. The scale is supposed to be the 
diameter of the shaft of the column, at the bottom ; 
firom which these designs are figured in proportional 
parts. Figs. 1 and 5 are plain planceers ; 3 and 4 
ornamented friezes and entablatures. No. 1, plan of 
the planceer of Figs. 3 and 4. 

Plate 61. 

Fig. 1. Design of a modillion cornice. No. 1, the 
modillion and manner of drawing it, viz. : From A 
radiate firom 1 to 2 ; firom B to 1 and 3 ; from C to 
3 and 4, which completes the lower curve. 

Fig. 2. A cornice without the entablature. No. 2, 
design of the planceer, with mutules and ornament 

Fig. 3. Design of a Doric entablature. No. 3, or- 
namented planceer. 

Fig. 4. A Doric entablature and cornice. No. 4, 
mutules with a reset 



CHIMNEY-PIECES. 

It is a remarkable fact that neither the Italian nor the French, 
nor indeed any of the continental nations, have ever excelled in com- 
positions of chimney-pieces. It is beliered that Inigo Jones, em- 
inently distinguished among the architects of England, was the 
first who arziyed at any great degree of perfection in this important 
branch of architectural science. Other architects have, since his 
time, wrought upon his ideas, or famished g^ood inyentions of their 
own ; and of our many ingenions and yery able artists, whose proT- 
ince it is to execute magnificent chimney-pieces in marble, happily 
much in yogue, it may be said that, for taste of design and excel- 
lence of workmanship, they are not surpassed by those of any other 
nation. It was focetiously obseryed by Sir William Chambers, that 
chimney-pieces should be <* so situated as to be immediately seen by 
those who enter, that they may not haye the persons already in the 
room, who are generally seated about the fire, to search for." There 
is much good sense in this remark. 



As the Egyptians, the Greeks, and the Romans, 
to whom architecture is so much indebted in other 
respects, lived in warm climates, where fires in the 
apartments were seldom or never necessary, they 
have thrown but little light on this branch of archi- 
tecture. Amongst the antiquities of Italy, I do not 
recollect any remains of chimney-pieces. Palladio, 
indeed, mentions two — the one at Baia, and the 
other near Civita Vecchia, which stood in the mid- 
dle of the room, and consisted of columns support- 
ing architraves, whereon were placed the pyramids 
or funneb through which the smoke was conveyed. 



Scamozzi takes notice of three sorts of chinmey- 
pieces used in Italy at his time. One of these he 
calls the Roman, the aperture of which is surrounded 
only with a clumsy architrave ; another he calls 
Venetian, which is likewise adorned with an archi- 
trave, upon which are placed a frieze and cornice, 
and on the sides thereof are pilasters with consoles. 
The third sort he calls a Padiglione. 

This last he particularly recommends where the 
walls are thin, if not being hollowed into the wall, 
as both the other sorts are, but composed of a pro- 
jecting entablature supported by consoles, termini, or 
caryatides, on which the pyramid is placed. This 
sort of chimney-piece is still very common in Italy. 
The Dutch are very fond of it, and it may be foun^ 
in many old English country-houses. 

The size of the chimney-piece must depend upon 
the dimensions of the room wherein it is placed. In 
the smallest apartments, the width of the aperture is 
never made less than from three feet to three feet six 
inches ; in rooms from twenty to twenty-four feet 
square, or of equal superficial dimensions, it may be 
four feet wide ; in those of twenty-five to thirty, 
from four to four and a half ; and in such as exceed 
these dimensions, the aperture may be extended to 
five, or five feet six inches ; but should the room be 
extremely large, as is frequently the case with halls, 
galleries, and saloons, and one chimney of these 
last dimensions neither afford sufficient heat to warm 
the room, nor sufficient space round it for the com- 
pany, it will be much more convenient, and far hand- 
somer, to have two chimney-piecfes of a moderate 
size, than a single one exceedingly large, all the parts 
of which would appear clumsy and disproportioned 
to the other decorations of the room. The chimney 
should always be " so situated as to be immediately 
seen by those who enter, that they may not have the 
persons already in the room, who are generally 
seated about the fire, to search for." The middle of 
the side partition wall is the most proper place in 
halls and saloons, and the other rooms of passage to 
which the principal entrances are commonly in the 
middle of the front, or of the back wall ; but in 
drawing-rooms, dressing-rooms, and the like, the 
middle of the back wall is the best situation, the 
chimney being then farthest removed from the doors 
of communication. The case is the same with re- 
spect to galleries and libraries, whose doors of en- 
trance are generally either at one or both ends. In 



r^^j^^i^ l^'^js ^■s^'\!^\ii^f^ 



n.oo 




HP 



HP 



1^?! 



'V/l .islj^ v^"^ .1^ ,v'-. A^ rv"i! k! I 



|A'V.7if 



C3£— St tr ;?..Vi 




A 



fig 5 



I I 



V 



r-r^-l-. 



V^.^^ 



^- 



Js- 




ir^kwi ^|(^. .f t» ttfea.tfie *nt^ f^Mffht «rthf huUdd^ shotdd »e Mf^Ad *tt» /Hearts, 



.J 



^ 



HP 



HP 



LU 



m-\ 



^vzzr 






ZI3Z 




mn 






r 



1.V 



t 



r^ 



//^ ^^ 



nnnnnYTnY 



I : I 

5/;' 7 



j^ 



'^M?/ 



J 




VlA\i 



PH 

■ s 



.1 



,XO\ 



T 



:w.' 



.-"J 



I .» 






( I 



J 



sr/. 



I 



I ■ 

J7 .1.1 ! 

I 

I ! ■ 



/vV/ /. 




^ 



l^ 






Zl 



;t 



rrnr— r 



a 






ui'^J .J.i 



r H 



: iiL 



J 



<" 






' — rr 



JL^ 



n; 



T 



:^ 






/ 



/'/"//. ?. 



1 1 
I'. 






,' .( 



V 
I • 



I 



I I 







/r?',y 



P n 



-Jit-- 



<> 



_._'l_' , , . 




t 




» 


I 


.'.' //• 


1 



.'<' .' 



X 



•*•/ 



/h/.i 



/ 



--k 



> 









t:i= 



L • - 



T !ec\^ 



r ■ 






( 



t 



oo.^ ^c 




4'4» V 

4» ^-^ 









IL 



-J 



L- 



--1^ 



.-/ 



"7 //' 



//v./. 



/^ 



^ 




•/•> .V.' 



■ 1 



; J 






>» 






II 



-i 



.1. 



II 



' ^ 









^ 



A •'/ 



t:s3j©j35 'jpji -^j-jiaiiix-y ny^'Si'^Q. 



T 



jri!,'rr/ti.„„Jh 



i t 



tmT 



tI3I 



■x?-.,^!!??;o y5ji S'Zi'imy^iir ?'3£®j.3. 



• I 



DOOBS. 



105 



bed-chambers the chimney is always placed in fhe 
middle of one of the side partition walls, and in 
closets, or other very small places. It is, to save 
room, sometimes placed in one comer. 

Whenever two chimneys are introduced in the 
same room, they must be regularly placed, either 
directly facing each other, if in different walls, or at 
eiual distances firom the centre of the wall in which 
they are both placed. The Italians frequently put 
their chimneys in the front walls between the win- 
dows, for the benefit of looking out while sitting by 
the fire. 

The proportion of the apertures of chimney-pieces 
of a moderate size is generally near a square ; in 
small ones, a trifle higher ; and in larger ones, some- 
what lower. Chimney-pieces are made either of 
stone or marble, or of a mixture of these with wood, 
scagliola, or molu, or some other unfragile substances. 
Those of marble are most costly, but they are also 
most elegant, and the only ones used in high-finished 
apartments, where they are seen either of white or 
variegated marbles, sometimes inlaid and decorated 
with the materials just mentioned. All their oma- 
meiits, figures, or profiles are to be made of the pure 
white sort; but their fiiezes, tablets, panels, shafts 
of columns, and other plain parts, may be of party- 
colored marbles, such as the yellow of Sienna, the 
brocatello of Spain, the jaspers of Sicily, and many 
other modern as well as antique marbles frequently 
to be had in this country. Festoons of flowers, 
trophies, and foliages, frets, and other such decora- 
tions cut in white statuary marble, and fixed on 
grounds of these, have a very good effect But there 
should never be above two, or at the utmost three, 
different sorts of colors in the same chimney-piece, 
all brilliant and harmonizing with each other. In 
the inferior class of houses, and in upper chambers, 
wood is generally used in the construction of chim- 
ney-pieces, painted and varnished so as to resemble 
marble. The use of wooden chimney-pieces, when 
judiciously applied, materially lessens the expense, 
^ and answers every purpose of utility or ornament 

In many places, the wildest notions have been in- 
dulged in the designs of this part of architecture. 
Sometimes we see a chimney-piece, the shelf of which 
is supported on a numerous variety of mouldings, piled 
one above the other until they project nearly as much 
as the shelf itself; this, I contend, is useless and out of 

good taste, for they cannot be seen to any advantage, 

14 



as in ordinary cases they fall below the eye, except 
when seated, and then they are so nearly on a level 
with it that they cannot be seen to any advantage. 
K, therefore, one half of the expense of mouldings 
should be laid out in the fiieze and pilasters, or col- 
umns, they would have a much better appearance, 
and display a more refined taste. 

Plate 69. 

On this plate will be found two designs for com- 
mon chimney-pieces, drawn to a scale of feet and 

inches. 

Plate 63. 

On this plate will be found two designs for chim- 
ney-pieces, as executed by Isaiah Rogers, Esq., in the 
Tremont House, Boston, Massachusetts, drawn from 
the same scale as plate 62. 



DOORS. 

In our northern climate, the fewer doors a room has the more it 
-will be comfortably habitable ; for as we haye much more cold than 
hot weather, it is yery necessary to make the rooms as dose as pos- 
sible, otherwise they will not be fit to liye in the greater part of the 
year. Wherefore it wiU be adyisable neyer to make either more 
windows or doors than are absolutely necessary. In this country, 
the real and feigned doors of a room, with their ornaments, fre- 
quently coyer so great a part of the walls that there is no place 
left for either pictures or furniture. 



Doors of entrance to private houses should not be 
less than three feet wide, nor more than six feet; but 
to churches, theatres, and other public structures, 
where there is a constant ingress and egress of peo- 
ple, and frequently great crowds, the apertures must 
be larger, and their width cannot be less than six feet, 
nor should it exceed ten or twelve. 

In settling the dimensions of the apertures of doors, 
regard must be had to the architecture with which 
the door is surrounded. If it be placed in the inter- 
columniation of an order, the height of the aperture 
should never exceed three quarters of the space be- 
tween the pavement and the architrave of the order, 
otherwise there cannot be room for the ornaments of 
the door. Nor should it ever be much less than two 
thirds of that space, for then there will be room suf- 
ficient to introduce both an entablature and a pedi- 
ment without crowding ; whereas, if it be less, it will 
appear trifling, and the intercolumniation will not be 
sufficiently filled. The apertures of doors placed in 
arches are regulated by the imposts, the top of the 
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oomice being generally made level with the top of 
the impost And when doors are placed in the same 
line with windows, the top of the aperture should 
level with the tops of the apertures of the windows ; 
or if that be not practicable without making the door 
much larger than is necessary, the aperture may be 
lower than those of the windows, and the tops of all 
the cornices made on the same level. 

With regard to the situation of the principal en- 
trance, Palladio observes, that it should be so placed 
as to admit of an easy communication with every 
part of the building. Scamozzi compares it to the 
mouth of an animal; and as nature, says he, has 
placed the one in the middle of the face, so the archi- 
tect ought to place the other in the middle of the 
front of the edifice, that being the most noble situa- 
tion, the most majestic and convenient tn several 
of the palaces at Rome, as those of the Pamfili in 
the Corso, and of the Bracciano, at Santi Apostoli, 
there are two principal entrances in the same aspect ; 
but this is, in genereJ, to be avoided, as it leaves 
strangers in doubt where to seek for the state apart- 
ments, which should always be contiguous to the 
principal entrance. In interior dispositions, the doors 
of communication must be situated, as much as pos- 
sible, in a line ; the advantages of which are, that it 
contributes towards the regularity of the decoration, 
and facilitates and shortens the passage through the 
apartments in summer ; or on public occasions, when 
the doors are set open, it produces a free circulation of 
air, and likewise gives a much more splendid appear- 
ance to the apartments, by exposing to view at once 
the whole series of rooms, which is more particularly 
striking when the apartments are illuminated, as on 
occasions of balls, routs, or other rejoicings. There 
should, if possible, be a window at each end of the 
building, directly facing the line of the doors of com- 
munication, so that the view may be more extensive, 
and take in at once not only all the rooms, but like- 
wise parts of the gardens, or other prospects sur- 
rounding the building; and whenever this is not 
practicable, it will do well to place mirrors at each 
end of the apartment, or to counterfeit doors, and fill 
them with large plates of glass, or with sashes and 
squares of looking-glass, as is the custom in France, 
which by reflection multiply the rooms, the doors, 
and other objects, making an apartment, though lim- 
ited or small, appear very considerable. 

The door of entrance from halls, vestibules, or ante- 



chambers, either to the principal apajrtment or to any 
even of the inferior ones, should be in the middle 
of the room, if possible, and facing a window ; those 
that lead to galleries, or any other long rooms, should 
be in the middle of one of the ends ; and in general, 
all entrances should be so contrived as to offer to 
view, at the first glance, the most magnificent and 
extensive prospect of the place they open into. The 
doors of communication firom one room to anothex 
of the same apartment must be at least two feet dis- 
tant from the front walls, that the tables placed against 
the piers, between the windows, or other pieces of 
furniture put there, may not stand in the way of 
those who pass. In bed-rooms, care must be taken 
to make no doors on the sides of the bed, unless it 
be to communicate with a water closet, wardrobe, 
bath, or other conveniency of that kind, as well on 
account of the draught of air as of the noise commu- 
nicated through them, or attending their opening and 
shutting ; both of which are always troublesome, and 
on some occasions dangerous. Neither ought doors 
to be placed near chimneys, for the same reasons, 
and as the opening of them would disturb those who 
sit by the fire. 

In composing doors, regard must be had, both in 
their size and enrichments, to the place they lead to. 
Those that give entrance to churches, theatres, state 
apartments, or other places of consequence must be 
large and profrisely enriched ; but such as open to 
humbler habitations may be small and sparingly 
decorated, unless the nature of the building should 
require otherwise. Where seversJ doors are in the 
same aspect, as on the inside of a hall, saloon, or gal- 
lery, they should be all of the same size and figure, 
unless there be many, in which case the principal 
ones, provided they stand in the middle of a side, or 
in the middle of the ends of the room, may be larger, 
of a different form, and more abundantly adorned 
than the rest But, whenever more than two sorts 
are introduced in one room, it always tends to con- 
fuse the spectator. 

The commonest sort of doors are made of pine, 
painted in various manners, and the better kind of 
them are of mahogany, or oak, or different sorts of 
rare wood, inlaid. With regard to their construction, 
strength, beauty^ and straightness are to be consid- 
ered ; all which purposes are answered by composing 
them of several panels. The number of these must 
depend on the size of the door, which should like- 
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wise regulate the thickness both of the panels and 
the framing. If the doors be adorned with oma* 
ments of sculpture, as is sometimes usual in very rich 
buildings, they must either be sunk in, or kept very 
fiat upon, the surface, both for the sake of lightness, 
and to prevent their being broken. The panels may 
be either raised or flat, and surrounded with one or 
two little plain or enriched mouldings, contained in 
the thickness of the framing, not projecting beyond 
it, as is sometimes seen in old buildings. 

Doors that exceed three feet and a half in breadth 
are generally composed of two flaps, by which means 
each part is lighter ; when open, does not project so 
far into the room ; and when required, may be made 
to fold entirely into the thickness of the walL It is 
to be observed, that all doors should open inwards ; 
otherwise, in opening a door to give a person en- 
trance, it must open in his face, and may chance to 
knock him down. 

For a variety of doors, in the modem taste, see 

plates 64, 65, 66. 

Plate 64. 

On plate 64 will be found six designs for inside 
doors, with the finish. The proportions of each part 
are figured, and across each wiU be seen a sectional 
plan, showing panels, &c., either raised or sunken, 
as the case may be. A is an elevation of a circular 
head door, and is designed for an outside door. The 
architraves of each at 1, 2, and 3, are those on 
plate 30. — Editors. 

Plate 69. 

Figs. 1 and 2. Designs for outside doors. 

Figs. 3 and 4. Horizonted section of the same, with 
a projection of the threshold, steps, and pilasters. 

Fig. 5. Section of the style, panel, and moulding. 

Fig. 6. Section of the pilaster and plinth. 

Plate 66. 

Fig. 1. Front door finished in the Ionic style, the 
pillars supporting the cap in the wall. 

Fig. 2. The recess and side view of the column. 

Fig. 3. The recess of the door from the coltmin 
and step on which the pUlars stand. 

Fig. 4. The ceiling of the recess and inverted cap- 
itals of the column. 

Fig. 5. Style, panel, and moulding of the door. 

Good taste has taught us to avoid the multiplica- 
tion of small members on inside finishing, and to 
adopt in their place plane surfaces, or appropriate 



mouldings of a proper size with their necessary cur- 
rangements, as it is much easier executing a prop» 
finish of painting: the necessary application of a 
pumice stone or sand paper, to produce a smooth 
surface, is rendered impracticable, by numerous dose 
quirks, without injuring the paint on the other parts. 
On a plane surface, the work is much easiier cleansed ; 
and by this style of finish, which rejects every thing 
that is mean and trifling, that manly character is 
given to the work which the refined taste of ancient 
and modem architects have so much admired. 

The Proportions of the Architraves and Piktsters for 

inside Finish. 

The architraves for windows and doors in any one 
apartment should be nearly of the same width, where 
a uniformity of appearance requires it Add together 
the width of the door and of the window and the 
splay ; find the mean width ; then divide it by 7, which 
gives the width of the architrave ; but where fancy 
pilasters are required, divide by 6, which gives one 
sixth of the width of the opening for the width of the 
pilasters. The designs in plate 30 give the full size 
that those in general use are executed. 



CONSTRUCTION OF WINDOWS. 

There has been in this branch of architeoturey as weU as all oth- 
ers, a yariety of changes and modifications to suit the taste and 
fashion of the times. In ciyilized countries, conyenience and beauty 
are consulted ; whereas, in barbarous countries, strength and safety 
are their most necessary requisites. In this enlightened and happy 
country, eyery man of taste adorns his habitation with such as he 
may deem to be most conyenient, economical* and omamentaL The 
enriching of windows with ornaments is of ancient date, and has 
been handed down to us in common with most of the grand princi- 
ples of the arts and sciences. 



The proportions of the apertures of windows de- 
pend upon their situation ; their width in all the 
stories must be the same, but the different heights of 
the apartments make it necessary to vary the heights 
of the windows likewise. In the principal floor it 
may be from two and one eighth of the width to two 
and one third, according as the rooms have more or 
less elevation; but in the ground floor, where the 
apartments are usually somewhat lower, the aper- 
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tores of the windows should seldom exceed a double 
square ; and when they are in a rustic basement, they 
are frequently made much lower. The windows of 
the second floor may be, in height, from one and a 
half of their width to one and four fifths ; and those 
of attics or mezzanines, either a perfect square or 
somewhat lower. The character of the order in 
which the windows are employed, and that of the 
profiles with which they are enriched, must likewise, 
in some measure, be consulted, and the apertures be 
made more or less elevated, as the order of the whole 
decoration, or of the window itself, is more or less 
delicate. 

The windows of the principal floor are generally 
most enriched. The simplest method of adorning 
them is with an architrave surrounding the aperture, 
covered with a frieze, and cornice suited thereto ; but 
when the aperture is remarkably high with respect to 
its width, it becomes necessary to spread the orna- 
ments on the sides thereof, by flanking the architrave 
with columns, pilasters, or consoles, in order to give 
the whole composition an agreeable proportion. 
The windows of the ground floor are sometimes 
left entirely plain, without any ornaments whatever ; 
at other times, they are surrounded with an archi- 
trave, or with rustics, or have a regular architrave 
crowned with its frieze and cornice. Those of the 
second floor have generally an architrave carried 
entirely round the aperture; and the same is the 
method of adorning attic or mezzanine windows. 
But these two last have seldom or ever either frieze 
or cornice ; whereas, the second floor windows, when- 
ever their aperture approaches a double square, are 
often adorned with both. 

The sills of the windows on the same floor should 
be on the same level, and raised above the floor from 
two feet nine inches to three feet at the very most 
When the walls are thick, they should be reduced 
under the aperture of the windows, for the conven- 
iency of looking out, and seats may be contrived to 
fit these recesses, as is the custom in many modern 
houses. In France, and now too often here, the win- 
dows are carried quite down to the floor, which, when 
the building is surrounded with gardens or other beau- 
tiful prospects, renders the apartments exceedingly 
pleasant in summer, but then they become exceed- 
ingly cold in winter ; and the iron work, which in 
France, and latterly very much here, is placed on the 
outside by way of fence against accidents, ought 



never to take place where regolar architecture is 
intended ; for all the gilding and flourishing in the 
world can never make it tolerably accordant with the 
rest of the composition. 

In regular built houses, the sills of the windowB 
on the ground floor should be raised six feet above 
the pavement on the outside of the building, to hin- 
der passengers from looking into the apartments; 
but when this cannot be done without raising the 
floor itself more than may be necessary, the lower 
parts of the windows may be furnished with blinds. 
The tops of the apertures of windows should never, 
within the apartments, be carried up close to the cor- 
nice of the room. A sufficient space ought always 
to be left for an architrave, or at least two or three 
inches between the architrave and cornice — a space 
usually occupied by the curtain lath. 

The interval between the apertures of windows 
depends, in a great measure, on their enrichments. 
The width of the aperture is the smallest distance 
that can be between them, and twice that width 
should, in dwelling-houses, be the largest ; otherwise, 
the rooms will not be sufficiently lighted, and the 
building will have rather the appearance of a prison 
than of a structure calculated for the conveniences 
and enjoyments of life. The purpose for which the 
building is intended should regulate the quantity of 
light to be introduced ; and, therefore, in dwelling- 
houses, and €l11 places where comfort and pleasure 
are the main purposes, there cannot be too much. 
But in sacred structures, which should aflect the 
mind with awe and with reverence, or in other great 
works where grandeur of style is aimed at, it should 
be cautiously and rather sparingly distributed. 

The windows nearest to the outward angles must 
be at least the width of their aperture distant from 
the angle, and a larger space will be still more seemly, 
and render the building more solid. In all the stories 
of the same aspect, the windows must be placed, 
exactly one above the other, and those to the left 
symmetrize with those to the right, in size, situation, 
number, and figure. 

The reasons for all these things are obvious enough, 
and, therefore, it is needless to mention them. The 
licentious practice of intermitting the architrave and 
frieze of an order in the intervals between the col- 
umns or pilasters, to make room for windows and 
their enrichments, which are carried close up to the 
cornice, can on no account whatever be suffered in 
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regular architechue, it being in the highest degree 
absurd to carry the windows above the ceiling, and 
great want of judgment in an architect to intermix 
and crowd together such a number of rich complicat- 
ed parts as are those of the entablature of the order 
and the entablatures of the windows. Besides, the 
"whole beauty of the order, when so mutilated, is 
destroyed, its proportions and figure being entirely 
changed. An interruption of the whole entablature 
to make room for a window, and converting it into 
an impost to the architrave, is a license equally un- 
pardonable. 

The common sort of builders in this country are 
extremely fond of variety in the ornaments of win- 
dows, and, indeed, in every other part of a building, 
imagining, probably, that it betrays a barrenness of 
invention to repeat the same object frequently. I 
have seen a house with only eleven windows in the 
whole front, and yet there were seven different sorts. 
At another place, the case is the same, there being 
seven or eight sorts of windows in the same aspect ; 
and the like is to be met with in many other build- 
ings, both in town and in the country. These in- 
ventive gentlemen would do well to give their atten- 
tion to some professors of the mechanic arts, who, 
though exercising their talents on meaner objects, are 
nevertheless worthy of their imitation. No tailor 
thinks of employing seven or eight kinds of buttons 
on the same coat ; a cutler will not make ten dif- 
ferent sorts of knives for the same set; and if a 
cabinet maker be trusted to furnish a room, he sel- 
dom introduces more than one or two sorts of 
chairs : their practice is founded on experience ; the 
general approbation of mankind is the standard they 
goby. 

We do not discover, either in the works of an- 
tiquity or those of the great modern architects, any 
traces of this childish hankering after variety. The 
same object is frequently by them repeated a hun- 
dred times over ; and this is one of the causes of that 
amazing grandeur, that noble simplicity, so much to 
be admired in their productions. 

This sameness must, however, have its limits ; for, 
when carried too far, the imagination of the beholder 
stagnates for want of occupation. In the most ad- 
mired marks of architecture, we find the same objects 
generally continued throughout the same level : thus 
one order and one sort of windows or niches gener- 
ally reign throughout the st-ory ; but in other stories. 



where the eye and the imagination necessarily as- 
sume a fresh course, the decoration is altered. 

Sometimes, however, it may be necessary to in- 
crease the size, and vary the figures, of the windows, 
either in the centre break or in some other prominent 
part of a front, in order to light a saloon, a gallery, or 
a hall higher than the rest of the room. But then it 
wlQ always be advisable to repeat the same form if 
simple, as an arch, three, five, or more times, accord- 
ing to the extent of the plan, so that the mind may 
be in some degree satiated before it is conducted to 
a new object. 

Venetian windows and Venetian doors, too, are 
on some occasions necessary, particularly in small 
buildings, to Ught a hall, a vestibule, or such other 
rooms as cannot admit of two windows, and yet 
would not be sufficiently lighted with one. But 
where they can be avoided, it is best ; for the col- 
umns which separate the large interval from those 
on the sides form such slender partitions, that, at a 
distance, they are scarcely perceived, and the whole 
looks like a large, irregular breach made in the 
wall ; and, however advisable it may be to repeat the 
same form as has above been mentioned, the repeti- 
tion of these Venetian windows should always be 
avoided. 

The sashes of windows are generally made of pine, 
cherry, or mahogany, and sometimes of iron, copper, 
or other metals. Our artificers excel in these works ; 
they make them very neatly, and though in appear- 
ance slight, very strong. The lights of glass are 
proportioned to the size of the windows, there being 
commonly three in width and four in height, what- 
ever be the dimensions of the window ; each sash is 
composed of two equal parts, placed one above the 
other, and either the lowermost, or both of them, 
being hung on pulleys and counterpoised with weights, 
and moved up and down with great ease, the 
weights being concealed. 

The shutters are always within the apartments 
wherever beauty is aimed at, those on the outside 
destroying the appearance of the front. They are 
divided into several vertical sUps, folding behind 
each other, for the conveniency of ranging or boxing 
them, when open, in the thickness of the wall. Each 
slip or fold is framed and composed of several pan- 
els, either raised or flat, surrounded with small 
mouldings contained in the thickness of the fram- 
ing, which, when the profiles in the room are en 
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ridiedf should Jikewise be so, at least on the fold that 
jhces the aperture, when the shutters are tamed 
back ; the front of which must stand flush with the 
inner edge of the architrave surrounding the window, 
all the other folds being ranged behind it I have 
given, in plate 67, the mode of finishing window 
frames, sashes, and shutters. 

Plate 6T. 

jF%*. 1 shows the disposition of the members of a 
urindow frame and shutters. 

No. 1. The outside moulding against the walL 

No. 2. The outside casing. 

No. 3. The pulley style. 

No. 4. The inside casing. 

No. 5. The back casing. 

No. 6. The parting slip. 

No. 7. The parting bead. 

No. 8, 8. The weights. 

No. 9. The recess of the wall. 

No. 10, 10, 10, 10. The styles of the shutters. 

No. 11, 11. The panels of the shutters. 

No. 12. The back forring for the splay of the 
window. 

No. 13. The ground. 

No. 14. Section of the pilaster. 

No. 16. The back lining. 

No. 16. The thickness of the plastering. 

JF^. 2 shows the disposition of shutters folding 
bade on a right line with the plastering. 
No. 1. The inside casing. 
No. 2. Hinge casing. 
No. 3, 3, 3, 3. Styles of the shutters. 
No. 4, 4. Panels. 
No. 5. Back casing. 
No. 6. Box casing. 
No. 7. Plastering. 
No. a Band moulding. 

Rg, 3. Section of part of a shutter. 
No. 1. The style. 
No. 2. Panel. 
No. 3. Moulding. 

Fig. 4. Mouldingy different from Fig. 3. 

F^. 5. Section through the frame a/nd sashj and 
shows the manner of setting the sash into the frame. 
No. 1. The manner of joining the soffit to the frame. 
No. 2. Cap of the frame. 
No. 3, 3. Casings of the frame. 



No. 4. Top rail of the sash. 

No. 5. Munten of the sash. 

No. 6, 6. Meeting rails. 

No. 7. Munten. 

No. 8. Bottom rail. 

No. 9. Window sill. 

No. 10. Stop bead. 

No. 11. Back. 

No. 12. Back bead. 

No. 13. Outside moulding. 

Figs. 6 and 7. Sections of sash muntens. 

Plate 68. 

On plate 68 will be found a plan, elevation, 
and section of a French window, with the scale by 
which it was drawn. No. 1 shows the elevation; 
No. 2, the plan ; No. 3, a section ; No. 4, a section of 
a part of the sill and the sash ; A is a small fillet to 
prevent the water being driven beneath the sash ; and 
B is a channel to receive the water that may run 
down on the outside behind the fillet ; the dotted line 
C is another channel at right angles with B, to take 
the water to the outside. B shows the manner of 
constructing the meeting styles. The finish for the 
window may be either of the architraves shown on 
plate 30 ; and the manner of constructing the shutters 
is shown on plate 67. 

Plate 60» 

Plate 69 is a design for an oriel window. Figure 1 
shows the front elevation ; figure 2, the side elevation ; 
figure 3, the plan ; and figure 4, the detail of the base. 
The scale is placed with the plan, by which the sev- 
eral parts may be ascertained. 

Plate ve. 

Plate 70 • is a part of the details of plate 69. Figs. 
1 and 2 are the trusses at D and A, and B is a de* 
lineation of the leaf at C. Fig. 3 is a truss or console. 

* Thifl plate, with plate 69, was designed and drawn by Ifr. Shaw, 
and we have inserted it as being the modem production of one who 
has the honor of being among the earliest of the American architect- 
ural writers. Mr. Shaw's first edition of C^vil Architecture was 
published more than twenty-fiye years ago ; and since then he has 
contributed, in no small degree, to the adyancement of his much- 
beloved science, both practically and theoretically. He is now in 
the 65th year of his age ; but, notwithstanding his adyancement in 
years, his desire is as strong as ever for the application of the ooneet 
princ^kles of azohitectaxe in buildings of eyery kind. — Editobs. 
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FOLIAGE. 



Both the elements and compositioaii of foliage are here oonaid- 
ered, and illustrated by plates. The examples are taken from the 
remains of the most esteemed buildings of Grecian and Roman an- 
tiquity. The learner is recommended to go through all the variety 
of ornaments exhibited in this department, by which means he will 
be enabled to apply himself to any other species, however different. 



DEFINITIONS. 

1. An artificial arrangement or disposition of leaves 
is called folioffe. 

2. The subdivisions of single leaves are called 
raffles. The leaves which are chiefly used in architec- 
ture are the acanthus, olive, parsley, laurel, and lotus. 

3. An artificial arrangement of leaves, branches, 
fruit, flowers, drapery, &c., either singly or combined 
in any manner with each other, are called ornaments 
in architecture. 

4. A string, consisting of flowers, firuit, leaves, and 
branches, either singly or intermixed with each other, 
and supported at the two extremes, the middle part 
forming itself into a curve by its gravity, is called a 
festoon. 

5. A curve line, which is continually changing its 
position in contrary directions on the same side of it, — 
that is, first concave and then convex, concave again 
and then convex again, and so on alternately, in this 
manner, to any number of curves of contrary flex- 
ure, — is called a serpentine line, 

6. K firom a stalk, in the form of a serpentine line, 
a number of branches issue out, twisting themselves 
in the form of spiral lines, on each side of the ser- 
pentine, in all the concave parts on the alternate 
sides of it, and if these spirals and the stalk be deco- 
rated with foliage, — a composition so formed is 
called winding foliage. 



TO DRAW ORNAMENTS. 



PROBLEM. 



The learner should, in the first place, draw a great 
variety of curve and spiral lines of diifereat 



tions, and compare these figures with each other, by 
which means he will be able at sight to distinguish 
each particular species of curve from another ; then 
he ought to endeavor to imitate, with precision, the 
same things by hand in every variety of position 
which he can suggest to himself, and hence he will 
acquire a fireedom of hand in every direction. When 
he proceeds to copying leaves, a general outline ought 
to be drawn, circumscribing the whole leaf; he should 
then form outlines of all the rafiles, and round every 
compartment, circumscribing all the difierent sets of 
points or rafiles, and afterwards proceed to draw the 
raffles themselves. 

The learner having after sufficient practice in copy- 
ing acquired a fireedom of hand, he is advised to 
draw firom nature a variety of such things as will be 
most suitable for the purposes to which they are to 
be applied. By so doing, the parts of his composi- 
tions will always appear rich and natural, and hence 
he will obtain a greater facility of invention. Hav- 
ing had sufficient practice in drawing firom nature, 
he may then apply himself to the designing of orna- 
ments ; for which purpose he will find t!he first part 
of the problem, viz., that of drawing curve and spiral 
lines by hand, to be of the utmost utility in fonniDg 
the general outline of his design ; and for finishing the 
smaller parts, such as raffles, flowers, firuit, &c, he 
muBt apply the knowledge he has acquired in drawing 
firom nature, which will complete his compoeition. 



LEAVES. 

Of the acanthus, bear's breech, or farank ursine, 
there are several species. 

1. The moUis, or common bear's breech, a natLve 
of Italy. 

2. The spinosus, or prickly bear's breech, the leaves 
of which are deeply jagged in very regular order, and 
each segment is terminated with a sharp spine, as is 
also the complement of the flower, which render it 
troublesome to handle them. 
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3. The ilictfolious, or shrubby bear's breech, grows 
in both the Indies. It is an evergreen shmb, which 
rises about four feet high, and is divided into many 
branches, garnished with leaves like those of the com- 
mon holly, and armed with spines in the same man- 
ner ; the flowers are white, and shaped like those of 
the common acanthus, but smaller. 

4. The nigra, or Portugal bear's breech, with 
smooth sinuated leaves, of a livid green color. 

5. The middle bear's breech, with entire leaves, 
having spines on their borders. 

EXAMPLK 
Plate 71 

Shows the method of beginning to draw leaves, as 
given in the general problem 1. 

Suppose it were required to draw or copy plate 72, 
either of the same size, or in any other ratio to it 
First inspect plate 72, and draw with a pencil a faint 
curve line, circumscribing the contour or general out- 
line of Fig. 1 ; then describe curve lines similar to it, 
as at Fig. 1, plate 71 ; then draw lines faintly with 
a pencil, circumscribing the compartments or divis- 
ions of Fig. 1, plate 72 ; then draw lines in a similar 
manner, as at Fig. 1, plate 71, observing that all the 
parts are similar to Fig. 1, plate 72 ; next draw the 
rafSes and veins in the compartments of Fig. 1, plate 
71 ; and, lastly, with a pen draw in ink all the parts 
of the leaf represented by Fig. 1, plate 72 ; then rub 
your drawing clean ; the pencil lines will be rubbed 
out, and the ink lines will be left, and will represent 
a figure similar to Fig. 1, plate 72. 

This explanation will be sufficient for all the fol- 
lowing examples, however dissimilar they may be. 
In the following descriptions, it will be only neces- 
sary to mention the names of the buildings from 
which the examples were taken. 

Plate 7%. 

Fig. 1 is taken from the Arch of Adrian, at Athens. 

No. 1. The profile of Fig. 1. 

Fig. 2. From the Monument of Lysicrates at 
Athens, commonly called the Lantern of Demos- 
thenes. 

No. 2. Profile of ditto. 

Plate 7i. 

Fig. 1. From the Temple of Pola, in Istria. 
No. 1. Profile of ditto. 



Fig. 2. From the Arch of Adrian, at Athens. 

No. 2.^ A profile of ditto. 

Fig. 3. Elevation of a leaf taken from the capi- 
tals of the columns on the Baths of the Diodetian, 
at Rome. 

No. 3. Profile of ditto. 



ROSES IN THE CAPITALS OF COLUMNS. 

Plate 7€. 

Fig. 1. Elevation of the rose in the abacus in the 
Temple of VestEt, at Tivoli. 

Fig. 2. The elevation of a rose taken from the 
Temple of Jupiter the Thunderer, at Rome. 

Fig. 3. Elevation of a rose from the abacus of the 
capitals of the Temple of Vesta, at Rome. 

Fig. 4. Elevation of a rose in the abacus of the 

capitals of the pilasters of the frontispiece of Nero, 

at Rome. 

Plate 75. 

Fig. 1. Elevation of a rose in the abacus of the 
capitals of the Arch of Titus, at Rome. 

Fig. A. Elevation of a rose in the abacus of the 
capitals of the Pantheon, at Rome. 

Figs. 2 and 3 are designs for the ornaments of mo- 
dillions in cornices or corner pieces for pilasters. 

Plate 76. 

Fig. 1, the outline; and Fig. 2, the shadowed leaf 
taken from a frontispiece. 

Plate yy. 

Fig. 1. From the portico of the Temple of Anto- 
ninus and Faustinei, at Rome. 

Figs. 2, 3, and 4. For corners and centres of panels. 



ORNAMENTS FOR MOULDINGS. 

Plate y§. 

No. 1. A general outline of Example 1. 

No. 2. The outline of Example 2, from the cima- 
tium of the Temple of Minerva Polias, at Priene. 

Example 3. From the cima recta in the cornice 
of the Temple of Bacchus, at Teos. 



"^1 



.71 



i^rnxs^-^"-: '.rjirxiAs.^, 



.177 



/JV/. /. 



N 



/ 



I 




\ \ 



--J 





''*' o 



\ 




\ 



\ 



Fi\7 ?. 



/ 



/ 



/ / 



\ 



/ 



/ 



/ 



/ 



1 . 



L . 






I 



•~ v--:.-il ILllJ^x 



^4?^ 

,/////^ 



// ^7) 

" '/^ 



fite 








\J 



'^"•^'»''" -s^-s-o.^,,. 







■^^ C^^< 




s!^^-^ 





I I 



vjjj'.sajFvp'^iaA?'^. 







^4i^ 




"\F 




/ 






\ 



f ^ 



\ 

\ 



\ 






D:Sil!;^i9J;:-:J^;. 



r,y I. 




-LiLi^i:. 0.' ;: .-/v^. 




E x^mf-ff / 




^■J■■Jal^i^.^.^^ :. r^ ^y \^-.;. 



CARPENTRY. 



113 



Example 4. From the dma recta of the cornice of 
the Temple of Peace, at Rome. 

Plate 79. 

Fig. 1. From the Arch of Titus, at Rome. 

Fig. 2. From an impost moulding in the Arch of 
Septimius Severus, at Rome. 

Fig. 3. From the cima recta of the cornice of the 
Frontispiece of Nero, at Rome. 



Plate 80. 

Fig. 1. The side, and Fig. 2, the IBront, of a key- 
stone of the Arch of Septimius Severus, at Rome. 

Fig. 3. The ichnography of the modillion in the 
cornice of the Temple of Jupiter Stator, at Rome. 

Fig. 4. Side of the modillion in the cornice of the 
Portico of the Pantheon, at Rome. 

Fig. 5. Ichnography of ditto, inverted. 



CARPENTRY. 



The art of Carpentry, in the general acceptation of the term, in- 
dndes every method of working or employing timber, or its substi- 
tutes, In the construction of buildings ; but as it is evident that 
coarse, rough work requires very different management from the 
delicate finish of interior arrangement, most writers have very prop- 
erly divided it into two classes : Carpentry , properly so called, to 
which belongs flooring, roofing, framing, and the working of all 
large pieces of wood ; and Joinery ^ which includes all ornamental 
works in wood, (except what are obviously within the province of 
the cabinet maker,) besides doors, windows, sashes, and other objects 
intended for close inspection. The former, of course, is treated of 
in this department. 



THE ORDER OF CARRYING ON A BUILDING ; TECE DI- 
MENSIONS OF THE TIMBERS; THEIR DISTANCES, 
AND PLACES OF INSERTION. 

The designs of buildings being of 'such a variety, 
they not only require various methods of construc- 
tfon, but some require appendages which are unne- 
cessary in others, and thus the order of proceeding 
will be varied. The order, however, of proceeding 
with any description of edifice will easily be under- 
stood, when that of the usual manner is given. 

Lintellings very soon occur ; their thickness ought 

never to be less than as many inches as the aperture 

has feet in width. Some recommend that lintels 

should be laid on templets; but when the mortar 

dries, this practice, though it may seem to bind a 

new building together, is injurious to the strength of 

the walls. The old authors say that bond timbers 

should be dovetailed at the angles ; but this method 

of joining timbers is not sufficient to prevent, in two 

return walls, the one from descending, while the other 

keeps its place ; halving and bolting is much more 

secure. 

Where bond timbers are carried all round apart- 

15 



ments or rooms, or entirely round a building, the 
thickness of these timbers will depend upon the mass 
of the work over them ; but where they are only par- 
tially inserted for finishings, their thickness must be 
the thickness of a brick. Some old authors think it 
would not be amiss to place bond timbers at the dis- 
tance of six feet through the whole height of the 
building ; but, in our opinion, they ought to be used 
with great caution ; for as the moisture dries out of 
the timber, these ligatures will shrink and cause the 
walls to bulge, which will not only produce a very 
unpleasant effect to the eye, but will endanger the 
building, by weakening the walls, and make them 
liable to fall. Therefore, in good work, bond timbers 
ought to be dispensed with ; and, if necessary, other 
means ought to be resorted to, which will be equally 
effective in point of strength ; but as neither stone 
nor iron will answer the purpose of fixing, we will 
recommend plugging, built in with the brick work. 



FLOORS. 

We now come to the consideration of floors. In- 
stead of mortising the ceiling joists, we would rather 
recommend to notch them upon, and fasten them to, 
the binding joists by means of nails. In some single 
joisted floors, every third or fourth joist is made 
deeper than the intermediate joists, and the ceiling 
joists are fixed to the deep joists. This construction 
is adapted to the prevention of sound, by reason of 
the space which destroys or cuts off the conducting 
power. 
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As no timbers must enter a wall where there are 
fireplaces or flues, the ends of the joists, instead of 
being supported by the wall, must be supported by 
trimmers and trimming joists. As the trimming 
joists have to support the trimmers, and these again 
the ends of the joists, the trimming joists should be 
increased in their thickness about one fifth part more 
than the breadth of a common joist 

In double floors, the under sides of the binding 
joists are frequently framed flush with the under side 
of the girder, and about three or four inches below 
the top, in order to receive the bridging joists. Some 
old authors direct that the bridging joists should be 
pinned down to the binding joists ; but this is unne- 
cessary, and, besides, it weakens the binding joists ; 
this method is therefore inadmissible. It was for- 
merly the practice to place the binding joists about 
three feet or three feet six inches distant 'from each 
other ; the mean distance of the present practice is 
about five feet. Single floors, consisting of the same 
quantity of timber, are much stronger than framed 
floors ; but a preference is sometimes given to framed 
floors in superior buildings, on account that they are 
not so liable to fracture the ceilings, and because they 
conduct sound more imperfectly than a common joist 
floor ; and hence it is that single floors can only be 
employed in inferior buildings. Framed floors difler 
from double floors only in the binding joists being 
framed to girders. 

In single floors, where the joists exceed eight feet 
bearing, pieces of board ought to be inserted in the 
spaces between the joists, in a vertical position, and 
nearly the whole depth of the joists, and in one con- 
tinued line at right angles to the joisting. The pieces 
of timber thus inserted are called bridges^ and the 
floor is said to be bridged; the bridges ought not to be 
driven in with great force, but their ends should be in 
close contact with the vertical sides of the joists, and 
should be fixed thereto with a nail at each end. 

The bridging of a floor is of great use, when the 
joists are thin and deep, in preventing their buckling 
by pressure; but for this purpose there is another 
method, called keying^ which consists of firaming short 
pieces of timber between the joists ; but as the mor- 
tises which receive the tenons weaken the joists, and 
as the keys cannot be in a straight line, and since 
this metiiod adds considerably to the expense, this 
practice is not so eligible as that of bridging* Single 
joist flooring may be used to any extent not exceed- 



ing sixteen feet : bat when it is desirable to preserve 
the ceiling free from cracks, and prevent the passage 
of sound, a framed floor is necessary. 

The ceiling joists in double floors are generally put 
in after the building is up ; if, therefore, they are fixed 
by means of mortises in the sides of the binding 
joists, to receive the tenons on their ends, the space 
between every other two mortises must be grooved 
out alternately upon the opposite sides of the two 
adjacent binding joists: by this means, the ceiling 
joists may easily be put in their places, by inserting 
the tenons in each ceiling joist in the mortises at one 
end, and sliding the tenon on the other end along the 
groove in the arc of a circle, until the ceiling joist 
come at a right angle with the binding joist The 
long mortises or grooves in the sides of the binding 
joists are called chase mortises^ or pulley mortises. 
The ceiling joists may be thirteen or fourteen inches 
apart ; the thickness of the bridging joists and ceiling 
joists need not be greater than what is sufiicient to 
resist splitting by the driving in of the nails in order 
to fix them. It has been found, by experience, that 
two inches is a sufiicient thickness for the purpose. 

In double-framed floors, the distance of bridging 
joists, in the clear, ought to be about twelve inches, 
and should never exceed thirteen. It is a good prac- 
tice to plane the upper edges of the bridging joists 
straight, because, when the boarding is laid, the faces 
for walking upon will be more regular than if the 
boards had been laid down upon the edges of the 
bridging joists when rough from the saw. The 
straightening of the edges of the bridging joists will 
not only give greater facility to the making of a level 
floor, but will contribute greatly towards making 
sound work, and will prevent that disagreeable 
creaking noise which arises from the parts not being 
brought into contact ; for when the tops of the joists 
on which the flooring boards are laid are uneven, it 
will be impossible to avoid frirring up the joists, or, 
what is still worse, inserting chips in the hollows, 
which will give way in the nailing of the boards to 
the joists. The general practice is to make binding 
joists half as thick again as common joists ; so that, 
if a common joist be two inches thick, the binding 
joists may be three inches thick. 

Girders should always be placed upon walls which 
are solid underneath ; but when it becomes necessary 
to lay them over apertures, the lintels should be suffi- 
ciently strong to support them. We cannot recom- 
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mend the practice of laying girders obHqnely across 
the room, since it divides the binding joists so very 
unequally. 

All joists should be laid with a camber upwards, 
so as to raise the middle of the floor about three 
quarters of an inch higher than the sides of the room ; 
and a similar observation applies to ceiling joists, 
viz., that the under horizontal sides should rise with 
a concavity, so that the middle of the ceiling should 
be three quarters of an inch above the margins at the 
cornices or walls. The distance of girders from each, 
or the walls, should never exceed twelve feet 

Girders should always be made of timber of 
the best quality that can be found, and particularly 
those which have long bearings. When the bearing 
exceeds twenty feet, it is difficult to procure tiinber 
of sufficient dimensions; and the only method is 
to allow a sufficient thickness between the surface 
of the boarding and the ceiling, since it is found, by 
experiments that have been made, that a truss girder 
is not even so strong as a solid beam of the same 
depth. The reason is obvious, for braces which have 
only a small inclination to the horizon throw the 
most enormous compression on their abutments, 
which is liable to give way, and the effect of truss- 
ing would be rendered useless; but if a sufficient 
height were allowed for trussing, girders might be 
made capable of supporting any weight whatever. 
Two feet, or even three feet, in the height of a build- 
ing, would be an ample allowance for framing girders 
of sufficient strength, and would not occasion any 
considerable expense to the structure, but would give 
solidity to the walls, by having a greater distance 
between the apertures. But where the depth is lim- 
ited, and the bearing considerable, girders ought to 
be made solid, and of cast iron. In order to equal- 
ize the strength of solid girders, builders frequently 
cut them longitudinally along the middle, and turn 
the ends of the ffitches contrary to what they were 
at first in the solid, and apply the sawn sides so 
as to face each other, and then bolt the two pieces 
together in a sufficient number of intervals; but 
it is evident that, since the holes made for the 
passing of the bolts will weaken the timber, very 
little strength will be gained. This process, however, 
affords the opportunity of examining the timber, as, 
in large trees, the heart is frequentty found in a state 
of decay. When this process of reversing and bolt- 
ing is used, the two sawn sides of the timber should 
not be brought in contact, but should be separated ' 



by parallel pieces of wood, so as to allow a sufficient 
circulation of air to pass between the two sides of 
the flitches of the beams thus bolted. 

To prevent the sagging of short girders, it is usual 
to cut them camber ; that is, to cut them with an 
angle in the middle of their lengths, so that their cen- 
tres shall rise above the level of their ends as many 
half inches as the girder contains ten feet lengths. 
And, indeed, girders of the greatest length, al- 
though trussed, should be cut crowning in the 
same manner. 

It may be proper here to notice, that the cambering 
of girders does not prevent them from sagging, though 
perhaps it may obviate their becoming concave on 
the upper side. With regard to trussing girders, the 
flitches should not be cut to a camber, but brought 
into this state in the act of trussing. 



PARTITIONS. 

Partitions are usually lathed and plastered; and 
sometimes the spaces between the timbers are filled 
with brick work. A partition ought to be so con- 
structed as to be capable of supporting its own 
weight, in whatever situation the door is placed, or 
whether there is a door in the middle, or two doors 
near the ends. Partitions that rest upon a solid wall 
do not require trussing ; but when there is no sup- 
port, except at the ends, or at two given fixed points, 
the braces ought to be so disposed as to discharge 
the weight of the whole mass upon these points; 
and it is better to support a partition by the extreme 
walls it is connected with than upon any solid from 
the bottom ; for, in the settlement of the walls, the 
partitions will be carried along with them; but if 
supported from the ground by light materials, the 
walls and partitions will descend unequally, and 
cause large fissures and cracks in the ceilings and in 
the plaster upon the walls and partitions. 

When a partition is supported at each end bj 
walls of unequal heights, the wall, which is the most 
ponderous, will sink in a much greater degree than 
that which is the lighter; therefore, in this case, 
whatever care may be taken with the framing of the 
partitions, it will not be possible to avoid the crack- 
ing and splitting of the plaster upon the walls and 
ceiling. Such consequences should be guarded 
against in the design of the architect 
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FRAMING. 

This mechanical science is divided into two princi- 
ples— -the Scribe and the Square Rule. 

THB SCRIBE RULE. 

1. First, the mortises should be made, and the 
faces got out of wind. Second, after finding the 
length of the timber in which the tenons are to be 
made, for convenience apply the two-foot square. 
Third, take out the size of the mortised timber on the 
end of the square ; suppose ten inches to be the one 
mortised, then fourteen inches remain on the square ; 
make a distinct mark at the end of the square, which 
is called the two-feet mark. Fourth, measure firom 
this mark, for the shoulder, fifteen inches, which 
leaves one inch to be scribed; after the tenon is 
made and entered, the mortise and the shoulders are 
brought together or to a bearing ; then cut the shoul- 
ders to the scribe, and when put together they will 
remain out of wind, as when scribed. The process 
is generally applied to sills, posts, and principal rafters. 

2. A process called tumbling', is applied to timbers, 
both ends of which are to be tenoned, as girders, &c. ; 
also to sides and ends in section framing. 

The girder should be placed so that both ends shall 
come directly over the lower end of the mortises. 
For the tenons you are about to strike, place the 
lower edges of the girder to the line of the lower 
end of the mortises ; make a scratch on the girder at 
both ends, exactiy to the face of the mortise. Cant 
the girder so as to leave those marks up ; fetch the 
girder again over the mortise, and apply the edge of 
the square to the face of the mortise, the square ex- 
tending above the girder. Move the girder by a 
hammer for that purpose, until the scratch on the 
comer of the girder is brought to the outer edge of 
the square. Then with your compasses draw a line 
across the girder by the edge of the square ; then 
move the square on the opposite side of the girder, 
and draw another line; in the same manner draw 
lines at the other end of the girder. Strike a line 
across the top and bottom of the girder, meeting the 
end of those which give the exact length of the 
shoulders; then strike the tenons. 

3. Cant or plumb marks are those which are ap- 
plied to all principal timbers that are to be employed 
in section firaming, after having been put together 
in the sides. At some part of the post try on the 
square, and fit that part (which may be up, in the 



laying out of the section) to a right angle with the 
level plane of the side firaming, provided the section 
should be at right angles with the sides. But if the 
section should be required at any other angle with 
the side, the plumb should be made according to that 
angle. The angle should be taken with a bevel set 
for that purpose ; and on these fittings of the posts 
a right angle should be struck, to guide the direction 
of the square across the section firaming. The posts 
should be brought by means of wedges in a horizon- 
tal plane across the section. 



THE SQUARE RULE. 

This principle is considered more simple than the 
Scribe Rule, as it can be applied in many cases with 
less help and more convenience. 

In order to make a good firame of any considerable 
magnitude, it should be the first care of the master 
workman (after examining the plan of the irame with 
care) to make out a proper schedule of the various 
sizes of the timber. Set down their appropriate 
marks on the schedule ; and when you have finished 
Nos. 1, 2, &c, check them on the schedule. It is of 
importance that all mortises, tenons, pin holes, &C., 
should be struck with a pattern. All the timber 
should be lined to its proper size, and the mortises 
faced to the same. Care should be taken in applying 
the pattern ; for striking, it should be governed by the 
appropriate lines. This method has the preference 
in detached firaming ; the timber admitting of being 
firamed in difierent places, and not tried together until 
its raising. 



TRUSSES. 

Plate §1. 

Fig. 1 represents a truss partition, a, the truss 
plate, b, the sill, c c, the posts, d, the truss beam. 
e e, the struts. //, the studding, g* g*, the bridg- 
ing, h h h, the door firames. 

Fig. 2. Design for a truss gallery or floor. 

Fig. 3. Method of scarfing and splicing timber. 

Fig. 4. The horizontal section of Fig. 5. 

Figs. 5 and 6 show the best method of trussing 
girders. 

The king bolts through Figs. 5 and 6 show the 
two sides which incline to each other so as to form a 
wedge, and thereby force the trusses upon their abut- 
ments. 
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To tighten the Girders. 

Having grooved the sides of the flitches for the 
trassing pieces, so as only to be dose at the ends, 
about an inch and a half deep on each side, cuid 
having greased the head of the king bolt, and put 
the whole slackly together sideways by the screws, 
proceed then to turn the nut of the king bolt, and let 
another person strike the head with a mallet ; the 
stroke will make the king bolt start every time it is 
hit, and give fresh ease for the turning of the nut By 
this means, the girder may be cambered or crowned 
at pleasure : the deflection from the straight line is 
generally one inch in twenty feet 

Fig. 7 shows the manner of joining the beam to 
the wall plate. 

Fig. 8. The manner of keying the tenon through 
the girder. 

Fig. 9. Profile of the tusk tenon. 



PLANS OF FLOORS. 

Plate 89. 

Fig. 1. Plan of the floor, suitable for buildings of 
any magnitude. 

a a a a a, girders resting upon the walls, b b b bj 
binding joists, c c c, trimmers, d d d d d, bridging 
joists. 

Fig. 2. Section of the floor. 

Fig. 3 shows the method of framing floors with 
plank or deep joists. 

a, the girder resting upon the walls, and should be 
10 by 12 inches, b b b by trimmer joist, 4 by 12 
inches, e e e^ joist d ddd^ wall girders, 6 by 12 
inches, c c c^ bridging joist, 2 by 12 inches. 

This floor is adapted to rooms 16 or 18 feet square, 
and the size of the joist should be 12 inches by 2^ or 
3 inches. 



DESIGNS FOR ROOFS. 

A roof, in architecture, is a cover of a building for 
protecting its inhabitants from disagreeable changes 
of weather, and from the depredations of evil-dis- 
posed persons ; but a roof in carpentry is the timber 
framing made to support the actual covering of 



boards, shingles, slate, lead, &c As the roof may 
be made one of the principal ties of a building, it 
should not be made too heavy to burden the wallS| 
nor too light to be incapable of keeping them to- 
gether. 

The principal timbers of a roof are the wall plates, 
tie beams, principal rafters, common rafters, pole 
plates, purlines, king posts, queen posts, struts, strain- 
ing beams, strong sills, &c. Hence, since th6 pres- 
sure of the roof is wholly discharged upon the wall 
plates, these should be made of sufficient thickness 
and breadth to distribute the weight of the roof to 
the best advantage. 

Plate 88. 

Fig. 1, a a a a, wall plate ; b 6, jack beams; cccc^ 
tie beams ; d d^ ridge line and jack beam ; e e e e^ 
dragon piece ; ////, angle tie ; g- g- g-, hip rafters ; 
A A, jack rafters ; % f, principal rafters ; y, king post ; 
k ky strut braces. 

To find the length and backing of hip rafters. 

Draw 7, 4, 8, the base lines ; then draw 4, 5, at 
right angles with 8, 4, which will give the perpen- 
dicular height of the backing of the hip rafter. 
From 9, extend one foot of the dividers to 10 ; de- 
scribe the arc, cutting the base line at 2 ; then the 
lines from 2 to 1 and from 2 to 3 give the angle 
required for the backing, c, a section of the hip 
rafter. 

To find the angle and intermediate ribs of 

octagon roo&. 

Fig. 2 is the plan of an octagon dome, a b being 
the base line of the given rib. No. 2 shows the 
curve of the dome, in this case half of a circle 
drawn from the centre a. Draw a 1, cutting the 
circle at 1 and at right angles with d 6, and produce 
it to a; divide b 1 into seven or more equal parts. 
Make a b No. 3 parallel and equal to a 6 No. l^be 
equal to 6 c No. 1, and draw e a. Then draw ordi- 
nates from a b No. 2 io as No. 3, parallel to a 1, 
cutting the circle in No. 2 at 2, 3, 4, 5, 6, 7, and a e 
No. 3 at 2, 3, 4, 5, 6, 7. Draw a 1 at right angles 
with a By also 2 2, 3 3, 4 4, 5 5, 6 6, and 7 7, parallel 
to a 1, and equal to 7 7, 6 6, 5 5, 4 4, 3 3, 2 2, and 
a 1 in No. 2, and then trace the curve c 7 6 5 4 3 2 
and 1, which will, when placed in its right position, 
correspond with the given circle. 
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To find the fonn of a board to bend upright to 

the crown. 

Pig. 2. Ptoduce the line a / to e No. L Take the 
divisions 2 3 4 5 6 7 on the curve line b 1 No. 2, and 
lay them from / in F along the line 1111, &c., to 
e; then the line/e No. 1 will be equal to the curve 
line b 1 No. 2. Transfer the ordinatea 2 3 4 5 6 7 in 
the angle a b e No. 3, and lay them from / in F 
No* 1 along the line 1111, &c, at right angles with 
the line/ e, and set them off on each side to 1 7, 1 7, 
1 6, 1 6, 1 5, 1 5, 1 4, 1 4, 1 3, 1 3, and 1 2, 1 2. 

Those, when traced, will give the form of the 
board F. 

Fig. 3. An octagon roof of a different curvature 
firom that represented in Fig. 2, but is formed on the 
same principles. 

Plates 84, 9^. 

On plate Nos. 84 and 85 we have given designs for 
firaming large roofs without wooden king or queen 
posts, substituting iron rods in their stesul. To 
whom we are indebted for this method of framing 
w^ have not been able to learn with any degree of 
certainty. It may, however, be considered of quite 
modern invention ; for, as the result of a carefrd in- 
vestigation, we have found no example of' longer 
standing than thirty years, and have not found the 
idea in any published work, with the exception of 
some of the recent writings of the late Asher Ben- 
jamin, Esq. This method was used by him as early 
as the year 1828, and after that time it was intro- 
duced into nearly all the large roofs he constructed ; 
and although he may not have been the first who 
has used it, yet, as far as we can learn, he has done 
as much as any other person to introduce it into 
general use. It was published by him in his Build- 
er's Guide, in 1839, and the principle involved has 
received the approbation of nearly all the principal 
architects of Boston. Mr. Charles G. Hall, archi- 
tect of this city, adopted it some eighteen years 
since, and used it in some of the largest buildings in 
this vicinity. The roof over the large hall of the 
Fitchburg depot, in this ciiy, is a fine example of 
this method of firaming, and has fully demonstrated 
its utility. The floor of this haU is 166 feet long, 
and 76 feet wide, and is entirely supported by the 
roof. On the occasion of one of Jenny Idnd's con- 
certs which was held there, it was filled, together 



with the large passage, to its utmost eapadly, which, 
according to the experiments of Tredgegold, Reonie, 
etc, was no less than the enormous weight of 
1,873,960 pounds, or nearly 937 tons ; and, so £Bur as 
can be ascertained, this roof resisted the immense 
strain without any material settlement Although 
by this system no new principle is established, yet it 
may be looked upon as one of the most successful 
achievements in the science of carpentry, and it has 
added as much to the science as did the arch to 
masonry. It has been introduced in many formsy 
and employed in many ways; and in every case 
where a due propriety has been observed in regard to 
the size of timber employed in the truss, it has given 
entire satisfaction. But the great simplicity of the 
theory has, in some cases, led to its abuse ; and as an 
illustration of this, we have but to refer to a design 
for an arched roof as constructed by the author of 
the Builder's Guide, and shown on plate 64 of that 
work. In this example are two rods, some forty feet 
long, and they must necessarily be expanded so 
much by the heat of our summer as to relieve itself 
from the strain it is intended to support, so that at 
times the whole weight must come directly on the 
tie beams, which would materially loosen the whole 
truss. We speak of this with all deference to the 
knowledge and experience of the author, yet we can- 
not see that the experiment can philosophically rec- 
ommend itself in a roof of seventy feet span. "We 
are aware that the same objection can be brought to 
a certain degree against the whole theory of substi- 
tuting rods for the posts ; yet when we take into con- 
sideration the fact that, in nearly all roofs finuned with 
rods in the ordinary way, the purlines are well sup* 
ported by the large truss rafter and the collar beam,— 
that the truss without the rods would, if well executed, 
almost sustain itself, and that the rods are not only 
proportionably shorter, but differently applied, — we 
cannot see that any fears need be entertained in case 
of the latter, as may be with the former. With a de- 
gree of propriety, therefore, and an adherence to the 
principles of strength and support, the new method 
may be used in an endless variety of ways ; and 
there is now no reasonable excuse for the uneven 
roofs which are so often presented to view in many 
of our churches and other large buildings. — Editors. 

Plate 8«. 

Fig. A shows how to glue up the head of a niche 
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in five or more blocks, or tings, according as fhe 

workmen shall deem expedient 

Fig. B is the plan of a circular dome ; C the sec* 
tion, which shows at d cuid d how to square the pur- 
lines, so as to make them tend to the centre, or to 
stand square to the surface of the dome ; but there 
is not the least occasion for the squaring of any pur- 
lines, which is attended with a deal of trouble and 
waste of stuff; you need only to get them out of the 
same curve as that of a great circle of a sphere, of 
which the dome is a segment, and quite square at 
the same time, which purlines being fixed between 
the ribs, the middle of them will be above the level 
at the joints, but will be in the true surface of the 
dome, and stand in a plane surface to the centre. 

To find the form of a board to bend upright 

to the crown. 

Divide E into eight parts ; that is, one quarter or 
any other number — the more the truer; set one on 
the outside of 1 1 1, &c. ; draw 7 e and 1 e to e in 
the centre ; take the divisions 12 3 4, &c., round E, 
and lay them from 8, in F, along the line 1111, &c. ; 
then circle them round «, and take 1 1, 1 2, 1 3, &c. 
in E, and set them off on each side to 1 1, 1 1, 1 2, 
1 2, 1 3, 1 3, &c. ; those, when traced, will give the 
form of the board F. 



To find the centres for bending the boaids 

horizontal in D. 

It is evident, the more parts any thing of this na- 
ture is divided into, the truer it will be ; but I shall 
only divide into four, for the sake of conveniency. 
Draw 4 3, to meet the perpendicular at d; and 3 2, 
to meet at c, &c. ; then d c b a will be the centres for 
the boards G, H, I, K. 

Fig. C is a method of finding the length and bevel 
of hip and jack rafters. 

The Exp Rafter. — a 6 is the base line ; c the per- 
pendicular height ; draw a line a c; then c is the bevel 
at the highest point of the king post, a the bevel at 
the beam, and a c the length of the hip rafter. 

To find the bevel and length of the jack rafters. 

d e IB the base line, efthe height equal io e g; 
then d e g" is the right angle ; describe an arc g* &, of 
which dgv& the radius, cutting a 6 at A ; then draw 
the line hd; g* is the down bevel, and h the top bevel, 
and h di& the length of the jack rafter. 

For this method of finding the length and bevel of 
jack rafters I am indebted to the politeness of Mn 
Salmon Washburn, whose skill and ingenuity first 
discovered this mode, which has met with the decid- 
ed approbation of the few to whom it has been com- 
municated ; and it is now published for the first time. 
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This 18 one of the most important subjects connected with the art 
of bnilding, and should be attentively considered, not only -with 
regard to the situation, but as to the design and execution. The 
convenience of the building depends on the situation, and the 
elegance on the design and execution of the workmanship. In con- 
triving a grand edifice, particular attention must be paid to the sit- 
uation of the space occupied by the stairs, so as to give them the 
most easy command o^ the rooms. 

*< Staircases," says Palladio, " will be commendable if they are 
^ clear, ample, and commodious to ascend, inviting, as it were, people 
to go up. They will be clear if they have a bright and equally dif- 
fuse light; they will be sufficiently ample if they do not seem 
scanty and narrow to the size and quality of the fiibric. But they 
should never be less than four feet in width, that two persons may 
pass each other. They will be convenient with respect to the whole 
building if the arches under them can be used for domestic pur- 
poses ; and witli respect to persons, if their ascent is not too steep 
and difficult, to avoid which, the steps should be twice as broad as 
high. 



With regard to the lighting of a good staircase^ a 
skylight, or, rather, lantern, is the most appropriate, 
for these unite elegance with utility ; that is, admit 
a powerful light, with elegance in the design. In- 
deed, where the staircase does not adjoin the exterior 
wall, this is the only light that can be admitted. 
Where the height of a story is considerable, resting- 
places are necessary, which go under the name of 
quarter paces and half paces^ according as the pas- 
senger has to pass one or two right angles ; that is, 
as he has to describe a quadrant or semicircle. In 
very high stories, which admit of sufficient head 
room, and where the space allowed for the staircase 
is confined, the staircase may have two revolutions 
in the height of one story, which will lessen the 
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height of the steps; but in grand staircases only 
one revolution can be admitted, the length and 
breadth of the space on the plan being always pro- 
portioned to the height of the building, so as to 
admit of jQxed proportions. 

The breadth of the steps ought never to be more 
than fifteen inches, nor less than nine ; the height not 
more than eight, nor less than five. There are cases, 
however, which are exceptions to all rule. When 
the height of the story is given in feet, and the 
height of the step in inches, you may throw the feet 
into inches, and divide it by the number of inches 
the step is high, and the quotient will give the num- 
ber of steps. 

It is a general maxim, that the greater breadth of 
a step requires less height than one of less breadth. 
Thus, a step of 12 inches in breadth will require a 
rise of 7 inches, which may be taken as a standard 
to regulate those of other dimensions. 

Though it is desirable to have some criterion as a 
guide in the arrangement of a design, yet workmen 
will, of course, vary them as circumstances may re- 
quire. Stairs are constructed variously, according to 
tiie situation and destination of the building. 

Geometrical stairs are those which are supported 
by having one end fixed in the wall, and every step 
in the ascent having an auxiliary support firom that 
immediately below it, and the lowest step from the 
floor. 

Bracket stairs are those which have an opening or 
well with strings and newels, and are supported by 
landings and carriages. The brackets are mitred to 
ihe ends of each riser, and are fixed to the string 
board, which is moulded below like an architrave. 

Dog-legged stairs are those which have no opening 
or well hole, and have the rail and balusters of both 
the progressive and returning flights falling in the 
same vertical planes, the steps being fixed to strings, 
newels, and carriages, and the ends of the steps of 
the inferior kind terminating only upon the side of 
the string, without any nosing. In taking dimen- 
sions and laying down the plan and section of stair- 
cases, take a rod, and, having ascertained the num- 
ber of steps, mark the height of the story by steuid- 
ing the rod on the lower floor ; divide the rod into as 
many equal parts as there are to be risers ; then, if 
you have a level surface to work upon below the 
stair, try each of the risers as you go on, and this 
will prevent any excess or defect ; for any error, how- 



ever small, when multiplied, becomes of considerable 
magnitude, and even the difference of an inch in the 
last riser will not only have a bad efiect to the eye, 
but will be apt to confuse persons not thinking of 
any such irregularity. In order to try the steps 
properly by the story rod, if you have not a level 
surface to work from, the better way will be to lay 
two rods on boards, and level their top surface to 
that of the floor. Place one of these rods a little 
within the string, and the other near or close to the 
wall, so as to be at right angles to the starting line 
of the first riser, or, which is the same thing, parallel 
to the plan of the string ; set ofl* the breadth of the 
steps upon these rods, and number the risers ; you 
may set not only the breadth of the fliers, but that 
of the winders also. In order to try the story rod 
exactly to its vertical situation, mark the same 
distances of the risers upon the top edges as the 
distances of the plan of the string board and the 
rods are from each other. 

In bracket stairs, as the internal angle of the steps 
is open to the end, and not closed by the string as in 
common dog-legged stairs, and the neatness of work- 
manship is as much regarded as in geometrical stairs, 
the balusters must be neatly dovetailed into the ends 
of the steps, two in every step. The face of each 
front baluster must be in a straight surface with the 
face of the riser, and, as all the balusters must be 
equally divided, the face of the middle baluster must 
stand in the middle of the face of the riser of the 
preceding step and succeeding one. The risers and 
heads are all previously blocked and glued together, 
cmd, when put up, the under side of the step nailed 
or screwed into the under edge of the riser, and then 
rough brackets to the rough strings, as in dog-legged 
stairs, the pitching pieces and rough strings being 
similar. In gluing up the steps, the best method is 
to make a templet, so as to fit the external angle of 
the steps with the nosing. 

The steps of geometrical stairs ought to be con- 
structed so as to have a very light and clean appear- 
ance when put up ; for this purpose, and to aid the 
principle of strength, the risers and treads, when 
planed up, ought not to be less than one eighth of 
an inch, supposing the going of the stair or length 
of the step to be four feet ; and for every six inches 
in length, another one eighth may be added. The 
risers ought to be dovetailed into the cover, and, 
when the steps are put up, the treads are screwed up 
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from oelow to the nnder edge of the risers. The 
holes for sinking the heads of the screws ought to 
be bored with a centre bit, then fitted closely in with 
wood, well matched, so as entirely to conceal the 
screws, and appear as one uniform surface. Brack- 
ets are mitred to the riser, and the nosings are con- 
tinued round. In this mode, however, there is an 
apparent defect ; for the brackets, instead of giving 
support, are themselves unsupported and dependent 
on the steps, being of no other use, in point of 
strength, than merely tying the lisers and treads of 
the internal angles of the step together; and, from 
the internal angles being hollow, or a reentrant 
angle, except at the ends, which terminate by the 
wall at one extremity, and by the brackets at the 
other, there is a want of regular finish. The cavetto 
or hollow is carried round the front of the riser, and 
is returned at the end and mitred round the bracket ; 
and if an open string, — that is, the under side of the 
stairs open to view, — the hollow is continued along 
the angle of the step and riser. 

The best plan, however, of constructing geometri- 
cal stairs, is to put up the strings, and to mitre the 
brackets to the risers, as usual, and enclose the soffit 
with lath and plaster, which will form an inclined 
plane under each flight, and a winding surface under 
the winders. In superior staircases, for the best 
buildings, the soffit may be divided into panels. If 
the risers are made from two-inch planks, it will 
greatly add to the solidity. 

In constructing a flight of geometrical stairs where 
the soffit is enclosed as above, the bearers should all 
be framed together, so that, when put up, they will 
form a perfect staircase. Each piece of framework 
which forms a riser should, in the partition, be well 
wedged at the ends. This plan is always advisable 
when strength and firmness are requisite, as the steps 
and risers are entirely dependent on the framed car- 
riages, which, if carefully put together, will never 
yield to the greatest weight. 

In preparing the string for the wreath part, a 
cylinder should be made of the size of the well-room 
of the staircase, which can be done at a trifling ex- 
pense ; then set the last tread and riser of the fliers 
on one side, and the first tread and riser of the re- 
turning flight on the opposite side, at their respective 
heights ; then, on the centre of the curved surface of 
this cylinder, mark the middle between the two, and 

with a thin slip of wood bent round with the ruling 

16 



edge, cutting the two nosings of these fliers, and, 
passing through the intermediate height marked on 
the cylinder, draw a line, which will give the wreath 
line formed by the nosings of the winders; then 
draw the whole of the winders on this line by 
dividing it into as many parts as you want risers, 
and each point of division is the nosing of such 
winder. Having thus far proceeded, and careftdly 
examined your heights and widths, so that no error 
may have occurred,* prepare a veneer of the width 
intended for your string, and the length given by the 
cylinder, and, after laying it in its place on the cylin- 
der, proceed to glue a number of blocks about an 
inch wide on the back of the veneer, with their 
fibres parallel to the axis of the cylinder. When 
dry, this will form the string for the wreath part of 
the staircase, to be framed into the straight strings. 
It is here necessary to observe, that about five or six 
inches of the straight string should be in the same 
piece as the circular, so that the joints fall about the 
middle of the first and last fliers. This precaution 
always avoids a cripple, to which the work would 
otherwise be subject. 

The branch of stair building that falls under our 
next and last consideration is that of hand railing, 
which calls into action all the ingenuity and skill of 
the workman. This art consists in constructing 
hand rails by moulds, according to the geometrical 
principles, that, if a cylinder be cut in any direction 
except parallel to the axis or base, the section will 
be an ellipsis ; if cut parallel to the axis, a rectangle ; 
and if parallel to the base, a circle. 

Now, suppose a hollow cylinder be made to the 
size of the well-room of the staircase, the interior 
concave and the exterior convex, and the cylinder be 
cut by any inclined or oblique plane, the section 
formed will be bounded by two concentric similar 
ellipses ; consequently, the section will be at its 
greatest breadth at each extremity of the larger axis, 
and its least breadth at each extremity of the smaller 
axis. Therefore, in any quarter of the ellipsis there 
will be a continued increase of breadth from the 
extremity of the lesser axis to that of the greater. 
Now, it is evident that a cylinder can be cut by a 
plane through any three points ; therefore, supposing 
we have the height of the rail at any three points in 
the cylinder, and that we cut the cylinder through 
these points, the section will be a figure equal and 
similar to the face mould of the rail ; and if the 
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cylinder be cut oy another plane parallel to the sec- 
tion, at such a distance from it as to contain the 
thickness of the rail, this portion of the cylinder will 
represent a part of the rail with its vertical surfaces 
already worked : and again, if the back and lower sur- 
face of this cylindric portion be squared to vertical 
lines, either on the convex or concave side, through 
two certain parallel lines drawn by a thin piece of 
wood, which is bent on that side, the portion of the 
cylinder thus formed will represent the part of the 
rail intended to be made. 

Though the foregoing only relates to cylindrical 
well-rooms, it is equally applicable to rails erected on 
any seat whatever. 

The face mould applies to the two faces of the 
plank, and is regulated by a line drawn on its edge, 
which line is vertical when the plank is elevated to 
its intended position. This is also called the raking' 
mould. 

The falling' motUd is a parallel piece of thin wood 
applied and bent to the side of the rail piece, for the 
purpose of drawing the back and lower surface, which 
should be so formed that every level straight line di- 
rected to the axis of the well-room, from every point 
of the side of the rail formed by the edges of the fall- 
ing mould, coincide with the surface. 

In order to cut the portion of rail required out of 
the least possible thickness of stuff, the plank is so 
turned up on one of its angles that the upper surface 
is nowhere at right angles to a vertical plane passing 
through the chord of the plane ; the plank in this po- 
sition is said to be sprung. 

The pitch board is a right-angled triangular board 
made to the rise and tread of the step, one side form- 
ing the right angle of the width of the tread, and the 
other of the height of the riser. When there are both 
winders and fliers, two pitch boards must be made 
to their respective treads, but, of course, of the same 
height, as all the steps rise the same. 

The bevel by which the edge of the plank is re- 
duced from the right angle when the plank is sprung, 
is termed the spring" of the planky and the edge thus 
bevelled is called the sprung edge. 

The bevel by which the face mould is regulated to 
each side of the plank is called the pitch. 

The formation of the upper and lower surface of 
a rail is called the falling' of the rail ; the upper sur- 
fieuje of the rail is termed the back. 

In the construction of hand rails, it is necessary to 



spring the plank, and then to cat away the supers 
fluous wood, as directed by the drawings, formed by 
the face mould, which may be done by an expe- 
rienced workman so exactly with a saw as to require 
no further reduction ; and when set in its place, the 
surface on both sides will be vertical in all parts, and 
in a surface perpendicular to the plan. In order to 
form the back and lower surface, the falling mould is 
applied to one side, generaUy the convex, in such a 
manner that the upper edge of the falling mould at 
one end coincides with the face of the plank, and 
the same in the middle, and leaves so much wood to 
be taken away at the other end as will not reduce 
the plank on the concave side ; the piece of wood to 
be thus formed into the wreath or twist being agree- 
able to their given heights. 

Plate 87. 

To find the projection of a helinet, on a plane 
parallel to the axis of the cylindrome and per- 
pendicular to the cutting plane of the solid 

Figs. 3 and 4. LetABCDEFGHIKLMA, 
(Fig. 3,) be the plan of a helinet, the quadrantal part 
being B C D E F G H I K L B, and the straight 
part being A B L M A. 

Let Fig. 4 be the falling mould, corresponding to 
the concave side of the semi-cycloid, found in the 
usual manner, viz., draw any straight line X VW«; 
make U V equal to the breadth of one of the fliers, 
and V X equal to the stretch of B F ; draw X n per- 
pendicular to U X, equal to the height of as many 
winders as are contained in the circular part, together 
with the height of the flier ; draw V t perpendicular 
to U X, equal in height to a step, and join tn; then 
complete the falling mould, of which the under edge 
is n o /? g r a U, and the upper edge z 5 ^ w V W X; 
make V W equal to B A, in Fig. 3 ; draw W a per- 
pendicular to X U, cutting the under side of the fall- 
ing mould at a, and a f parallel to U X ; then a f is 
the stretch of A B C D E F, Fig. 3. In Fig. 3, di- 
vide the quadrant B F into any equal parts, B C, 
C D, D E, E F, which stretch upon a /, Fig. 4, ac- 
cording to the corresponding letters. In Fig. 3, bisect 
C D at I; draw I P radiating to the centre N, cut 
ting the convex side of the plan at P ; draw F P R 
and F O and P Q parallel to each other, making an 
angle with F R. In Fig. 4, bisect c din p, and draw 
p y perpendicular to a /, uniting the under edge of 
the falling mould at y ; divide / n and y y each into 
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the same ptixnber of equs^l parts as here into three. 
In Fig. 3, make F O equal to one third of / n, and 
P Q equal to one third of y y; join O Q, which pro- 
duce to meet F P in R. Draw R M, which produce 
to s. In R 5 take any point w, and draw m f per- 
pendicular to R 5 / then, parallel to R 5, draw A a 5, 
B 6 r ^, C c ^ «, D dp v, E c o i^, F/« x. 

From Fig. 4 transfer the heights b r, c q, d p^ e o, 
and / w, to the corresponding lines b r, c q, d p^ e o, 
f rij Fig. 3 ; also, from Fig. 4 transfer the lines as^rt, 
q Uj p V, o Wj and n x^to a s, r t, q Uj p v, o w^ and n x, 
Fig. 3; then through the points n op q r a draw a 
curve, which will be the line representing the under 
edge of the inside falling mould ; also, draw the curve 
X w V u t s, which is the line representing the upper 
edge of the same falling mould. The upper and 
lower edges of the outside falling mould will thus 
be found — N being the centre of the quadrants 
B C D E F and G H I K L; draw N E H, N D I, 
N C K, N B L, cutting the convex side at H, I, K ; 
and draw H W, I V, K U, L T, parallel to R 5 ; and 
E W, D V, C U, B T, parallel to / m. Also, draw 
s s^tt^ u w, V V, parallel iofm; and make t t^uu^vv^ 
respectively equal to T B, U C, V D ; and complete 
the parallelogram Y t^ s 5, and draw the curved u v J, 
which will meet the curve s t u v w x at J, the point 
where a perpendicular drawn from the centre N of 
the quadrant meets it. In the same manner, find the 
curve nor; and we shall have the whole projection 
of the helinet, which will give the thickness of the 
stuff required to make the rail ; by drawing a straight 
line in contact with two points on the under side 
without cutting the solid, and another parallel to it 
from the point X, then the distance between these 
parallel lines is the thickness of the stuff. 

ON THE FORMATION OF THE FALLING MOULD. 

To find the falling mould for a semicircular 
stair, with winders round the semicircular 
part ; or the falling mould for a semicircular 
staircase level round the semicircle, joined 
below and above the fliers. 

No. 1, Fig. 1, is in the plan of the rail round the 
circular part, and of a' small portion of the straight 
part with the seats or plans of the risers round the 
semicircular part. 

Make abj No. 2, equal to the height of the wind- 



ers ; draw a c and ft rf at right angles with ab; niak^ 
a e and b f each equal to the development of I p or 
p m, (No. 1 ; ) draw e I and d k parallel to a 6 ; mak^ 
e I and d k each equal to the height of a step ; and 
join e g and / Ar. This description so far applies bot|:^ 
to Figs. 1 and 2. 

In Fig. 1, No. 2, join e f; make e h equal to c §•, 
and / i equal to /A:, and draw the touching curves 
grh and i sk; and grhi sk will be the line of t^ie 
rail. 

In Fig. 2, No. 2, produce g e to t, and Ar / to ^; 
bisect a b at s, and through s draw t u parallel to a c 
ox b d; from g t cut off t w, and from u k cut off «^ a^ 
each equal to g e ox f k; and describe the touching 
curves g z s and s y x, and gw z s y x k will be the 
line of rail. 

The breadth of the falling mould in common cases 
is about two inches ; therefore, draw the curve lines 
each at an inch distance from the Une of the rail, ancl 
the falling mould will be completed. 

Plate §§• 

ON THE RESTING POINTS. 
PROBLEM. 

To find the position of the plane of the plank, 
and the resting points, so that the thickness 
of stuff required to make the helinet may be 
the least possible. 

Fig. 1. Let abed efg h be the plan of the rail, 
of which the part b c d efg is the. quadrant of a cir- 
cle, and the part a b g h of a rectangular figure ; the 
straight lines a b and A g being tangents to the outer 
and inner arcs at b and g*, and the circular quadrants 
bed and g f e terminated by the radii b I and g I; 
then suppose two equal straight lines, one erected 
upon e and the other upon /, perpendicular to the 
plane of the plan of the rail, and let c Z be any inter- 
mediate radius, cutting the interior quadrant at // 
produce a h and c Z to meet each other in k. 

Now, if a straight Une be supposed to extend from 
k to the top of the line which stands upon /, the 
straight line thus extended, if produced, would be 
higher than the top of the line which stands upon c ; 
therefore, if a plane pass through a k and through the 
top of the line insisting upon /, the plane will pass 
above the top of the line standing upon c, and this 
will be the case with every section, except the section 
b g^ which is parallel to a k; therefore, if the plane 
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of the plank rest upon the lower section a A, and upon 
any other two points in the circular part, these points 
must be in the concave side ; therefore, in this case, 
the resting points are upon A,/, e, in the concave side 
of the raiL 

Again : in Fig. 2, let I c and a 6 be produced to 
meet each other in k ; then if a straight line be ex- 
tended from k to the top of the line which stands 
upon c, the straight line thus extended, if produced, 
would be higher than the top of the line which stands 
upon/; therefore, the plane which passes through a b, 
and through the top of the line which insists upon c, 
will be above the point which terminates the top of 
the line insisting upon /; whence the resting points, 
a, c, dy are all upon the convex side of the rail. 

Lastly : in Fig. 3, if a plane rests upon the top of 
the two lines insisting upon c and/, and pass through 
the point a, — and if a line be supposed to stand upon 
e, perpendicular to the plane of the base, of such a 
length as to meet the plane which passes through a, 
and through the upper ends of the lines insisting 
upon c and /, — it is evident that if another line be 
supposed to be erected upon d, also perpendicular to 
the plane of the base and equal in height to the line 
insisting upon e, the plane which passes through the 
point a, and through the tops of the lines insisting 
upon c,/, e, must be above the top of the line insisting 
upon d; and that the intersection p q of the plane 
passing through a, and the points in the line insisting 
upon c and/, must be parallel to c /. 

It is now evident that if a 6 be produced to r, and h a 
to 5, and as the intersection always passes through a, 
the line a poi the intersection of the plane must al- 
ways fall within the right angle r a s. 

It is likewise evident, if the resting section of the 
rail fall between c f and a A, as at fc §•, the middle 
resting point will be over b in the convex side of the 
rail ; and if the resting section fall between c f and 
d e, the resting point of the middle section must be 
on the concave side. 

SCHOUUM I. 

In stairs constructed upon the letter D plan, with 
winders in the semicircular part, joined to a series of 
fliers below and above, where the winders have a 
higher pitch than the fliers, the first two resting 
points, beginning at the lowest point, will be on the 
convex side of the rail, while that at the highest point 
is on the concave side. 



Fig. 4. When the lower line of heights is nothings, 
and the highest double to the middle one, the line of 
intersection will be found by drawing a line through 
the seat' of the highest and middle resting point, and 
producing the line on the other side of the seat of 
the middle resting point, until the part produced be 
equal to the part between the two seats, and drawing 
a line through the lowest point a, and through the 
extremity of the point thus found ; then the line thus 
drawn will be the intersection. 

Thus, in the present case, a c and e are the resting 
points ; join e c, and produce e cto k; make c k equal 
to c e, and join ak; then a A is the intersection ; and 
this agrees with what has been observed ; for if a k 
and Z c be produced, they will meet in m; therefore,/ 
is not the seat of the resting point : if/ were the seat 
of the resting point, making/ i equal to/ e, and join- 
ing a t, then a i would be the intersecting line ; but it 
is not, for the point c is nearer to a m than / 

Corollary. — From what has been observed, (see 
Fig. 5,) that the intersecting line u v never falls 
within the right angle at a, or upon the plan acdekj 
therefore, the point e is always nearer to uv than the 
point d; therefore, the point e is the seat of a resting 
point 

SCHOLIUM II. 

Fig. 5. From the same given heights, and from 
the same three resting sections of the rail, there can- 
not be more than four intersecting lines by making 
choice of one resting point fi-om each section. 

For, suppose we make choice of the points d and c 
as the seats of the resting points, and join the line 
d c, and produce d c, suppose to some imaginary point 
X, and find the point X from the heights upon d and 
c, in such a manner that the line thus drawn may 
not cross the plan, even if produced. The same 
thing may be done through the points d and /, also 
through the points e and c, and through the points 
e and/; then, whichever of the points, d or e, is near- 
est to the intersecting line u v, that point is the seat 
of the resting point 

With regard to the ratio between the whole line 
drawn through the seats of the resting points and 
the part of it between the said seats, it is the same 
as the ratio between the highest line and the line 
insisting on the seat of the middle section. 

Suppose (in Fig. 5) the seats of the resting points 
are e and c; join e c, and produce it to i; draw e I 
and c k perpendicular to e i; make e I equal to the 
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height insisting npon e, and c k equal to the height 
insisting upon c; join /A;, and produce it to i. Then, 
because of the similar triangles e il and c i k, i e : 
i c : : e I : c k; that is, i c is the same part of t e that 
c kvA oi e I; therefore, if e / be double of c k, e i will 
be double of c i, or i c will be equal to c e. 

If the workman should not understand the demon- 
stration now given, he may proceed mechanicaUy 
thus, the seats of the resting points being a, c, e. 

Join e c, and produce ec toi ; draw e I and c k per- 
pendicular to i e ; make e I equal to the height upon 
e^ c k equal the height upon c; join / k and produce 
it to i, and join i a; then i a is the intersecting line. 
Produce t a both ways to u and v,cftoo and t?, and 
d e io o and u; draw d r^ e m^ and o q perpendicular 
to d u; draw o p^ fw^ and c n perpendicular to o v; 
make c n equal to c ky and join v n; produce v nto 
p ; mak o q equal to o p^ and e m equal to e I; join 
i» ^; then, if m g be produced, it will meet uv inu. 
This may easily be conceived by raising the triangles 
% e lyV o Pj and w e w, upon their bases, i e, v c, and 
du; then c A: will coincide with c n, e I with e w, 
and o ^ with o q ; and the lines i Z, r ^, and r w will 
all be in the inclined plane of which its intersection 
is u V. 

CONSTRUCTION OF THE FACE MOULD. 

Fig. 7. Let a d e f g A < be the plan of the rail, ef 
ghz, portion of the straight part, i being the upper, 
and /the lower, resting points. But as the place of 
the middle resting point d will affect the thickness of 
the stuff, it ought not to be arbitrarily assumed) 
though it would be difficult to show upon any prin- 
ciple where it should be exactly. It is, however, 
ascertained by trial that its position may vary to a 
considerable distance without affecting the thickness 
of the stuff in any great degree ; and as experiment 
shows that it is nearly in the middle of the develop- 
ment of a d efjit is here taken in the middle, so that 
the stretch-out of ad may be equal to the streteh-out 
of df. ' 

Figs. 6 and 7, In the figure of the falling mould, 
produce the base a e of the winders to /, then a e 
(Fig. 6) being equal to the development of a e, (Fig. 
7,) make a d (6) equal to the development of ad, (7,) 
and make e f (6) equal to ef, (7 ;) draw // parallel 
to a 6, (6,) cutting the upper side of the falling mould 
at ly (6 ;) parallel to/a draw / f, cutting a fc at », (6 ;) 
in 1 1 make i d (6) equal toidj{7 ;) draw d m (6) par- 



allel to a bf cutting the upper side of the falling 
mould at m ; draw m n parallel to fa, cutting a 6 at 
n ; draw d r parallel to a ft, cutting w » at r, (6.) 

Join o r, and produce it to meet i / at ^; make t q 
(7) equal to iq, (6;) join/^, (7,) and produce fq to 
k I. Through g draw k I perpendicular to A; ^ 
Through i draw t z parallel to k g, cutting k I 3.t z. 
Make z z equal to io, (6 ;) and join k z, (7,) and pro- 
duce k z to I: draw a I parallel to z z. 

TO FIND THE FACE MOULD. 

Fig. 7. Draw I a and z b perpendicular to k I; 
make / a equal to I a, z i equal to z i^ and join t a ; 
then % a will form the part of the face mould repre- 
sented by t a on the plan. Draw k f perpendicular 
to kly and make kf equal to kf. Draw g g parallel 
to z z^ cutting kl 9Lt gy and join gf. Again : draw 
h u parallel io z z, cutting k I a,t u and k I ^t u. 
Draw u h perpendicular to A; /, and make u h equal to 
uh; draw A e parallel io gf^ and / e parallel to gh; 
then e f gh will form the part of the face mould 
corresponding to the straight part efgh^m the plan. 
The intermediate points of the face mould, which 
form curves of the outside and inside of the rail, are 
thus found. Through any point c, in the convex side 
of the plan, draw c y parallel to z Zy cutting A: i at 
y ij and A: / at y, and the concave side of the plan at t 
Draw y c perpendicular to k /, and in y c make y t 
equal to yty and y c equal toy c ; then ^ is a point in 
the concave side, and c a point in the convex side, of 
the face mould. A sufficient number of points being 
thus found, the curved parts of the face mould may 
be drawn by hand, or by a slip of wood bent to the 
curve. 

It will be perceived that I have been obliged, in 
some instances, to use the same letter of reference 
twice ; but they are so placed, that the one referred 
to can be ascertained without any difficulty. 

Plates 89 A 90. 

RECIPROCAL SPIRAL AND SCROLL. 

To draw the reciprocal spiral for a scroll. 

Suppose the ordinate o q (Fig. 1) to be given. 
Make a b (Fig. 2) equal to o g, and through b draw 
c dy making an angle with ab; then take 6 c in a 
greater or less ratio to 6 1, as a less or greater part of 
the scroll is wanted, or as the scroll is required to 
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have a flatter or quicker carve at the remote extrem- 
ity ; for instance, 6 c in this example is double to b 1. 

Suppose the point c to be now fixed ; draw c e 
parallel to a 6, and a e parallel to c d; make 1, 2 ; 
2, 3 ; 3, 4 ; &c., each equal to b 1, and draw the lines 
1 6, 2 e, 3 «, 4 e, &c., cutting a b respectively at 
efg, &c. 

In Fig. 1, divide the space round the centre o into 
eight equal angles, which will be easily done by 
drawing a circle through g, and dividing the circum- 
ference into eight equal parts, beginning at q ; draw 
the portions o p, o q, o r, o Sy &c. Make o p (Fig. 1) 
equal to twice a fe, (Fig. 2;) o q (Fig. 1) is equal to 
a 6, (Fig. 2 ;) also, make or, o 5, o t^ &c., (Fig. 1,) 
respectively equal to a e, a /, 'a g*, &c., (Fig. 2.) 
Through all the points p q r s t, &c., draw the curve 
p qr s ty &c., which will be the spiral required. 

For want of room, a b (Fig. 2) is only made equal 
to half the length it ought to have been ; for a fe will 
be divided into parts of the same length, whether a b 
is double and b c equal to 6 1, or a 6 as it is, and b c 
double of fe 1. 

SCHOLIUM. 

This spiral is well adapted to the purpose of hand 
railing, for it may be made close or to extend at 
pleasure, as may be seen by the subsequent examples. 

This spiral may be extended so as to form the rail 
itself by a gentle curve, which will approach nearer 
to a straight line the more it is extended. The forms 
of stairs attached to pulpits are often very fanciful ; 
their plan requires to be formed in the most graceful 
manner ; the reciprocal spiral may be applied to this 
purpose with advantage, as the effect produced will 
be both beautiful and elegant. It may also be ap- 
plied to form the plan of the riser of the curtail step 
into a gentle curve, which will be in perfect unison 
with the scroll itself. The plans of the other steps 
may be formed to the same curve ; but the curvature 
may be made less in each, as the other risers recede 
from that of the curtail step, till at last the risers be- 
come straight. The property of this scroll may be 
shown arithmetically, thus : let any given radius be 
called unity, or one, and let this radius, so called, be 
the greatest radius ; let n be any constant number, 
which must be in the same scroll, but variable in 
different scrolls, and let a: be a variable number in the 
same scroll, then will ^^^ represent any ordinate ; thus 
the first, second, third, &c., ordinates, by making x 



respectively 0, 1, 2, 3, &c., will be respectively -^^ 

iT^j iTTa' ^' •'^y &^^^S ^ ^ value, the form of the 
scroll will be determined. Thus, maken = 2, and 
we shall have the series of ordinates, |, f , f, |, |, &c. 
This will give the scroll Fig. 1, plate 91. 



Make n = 4 ; then -, 



&c, will become 



n.' «+l» 11+2' 11 + 3' 

t> !> I? T» ^^-j respectively. These are the respective 
ratios of the ordinates oa^o byO c,o d^o e^ &c., Fig. 1, 
plate 88. 

Lastly : make w= 8 ; then *, ^-^, j^, ;^,&c., will 
become f^ f , j?^, /p, &c., respectively. These are the 
respective ratios of the ordinates oaj o b^o c, o dj &c., 
Fig. 3, plate 88. 

So that we have both a geometrical and an arith- 
metical rule for drawing the reciprocal spiral. 

It may be here observed that this spiral is the only 
one that can be employed in forming the volutes of 
the Corinthian capital. 

Fig. 3, plate 90, exhibits the scroll with the scale 
drawn on the first radius. 

Plate 91. 

To describe the face and falling mould for pre- 
paring the scroll. 

Let a 6 be the first quarter of the scroll, c the cen- 
tre ; draw d e parallel to b c, touching the outer spiral 
at d ; draw e G parallel to c a, and through a draw 
F G parallel io c b ; make G F equal to the breadth 
of a step ; draw F H perpendicular to G H ; make 
F H equal to the height of a step, and join H G ; 
then G H is the pitch line of the stair. Draw lines 
parallel to a c, cutting the inner edge of the scroll at 
the points /, g, h, the outer edge at i, Ar, /, tw, n, the 
straight line F G in the points w, o, p, q, r, and H G 
at the points N, O, P, Q, R ; let a c cut the concave 
side of the scroll at /, and let it be produced to cut 
H G at A ; from the point A, where the line d e cuts 
the concave spiral of the scroll, draw h W parallel 
to a c, cutting A G at W, F G at r, and the con- 
vex spiral at v. Draw W H and G E perpendicular 
to H G. 

Make W II and G E each equal to t* A or G e, 
and join H E ; through the points N, O, P, Q, R, 
draw lines perpendicular to H G ; in the perpendicu- 
lars make AT, N F, O G, each respectively equal 
to a, ty fly /, o, g" ; also, make N I, O K, P L, Q M, 
R N, each respectively to n i, o k^p l, q m, rn ; draw 
T X parallel to H G, and draw the curves T F G H 
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and A I K L M N E, which will complete the face 
mould for the twisted part of the scroll, which is to 
be glued to the other part formed in one level piece. 
The falling mould is constructed as follows : Fig. 2. 
Let F G H be the pitch board, as in Fig. 1. Divide 
F G into eight equal parts, and make F a equal to 
th/ee of the parts ; through a draw d q perpendicular 
to F G, cutting H G at j?; produce H G to rf; draw 
any line q s parallel to F G, and make q s equal to 
the stretch out of the first two quarters, a, 6, v, of the 
outward spiral, Fig. 1 ; through s draw u d parallel 
to H F ; iiiH d take any distance d b, and draw b w 
parallel to F G, cutting u d ^\ a. Again : in H ^ 
take b c equal to b a, and join c a; through p draw 
p t parallel to c a, cutting ubint; draw t v parallel 
to F G, cutting H d a.tv ; then will v t he equal to 
V p; divide v p and v t each into the same number 
of equal parts, and draw the intersecting lines to the 
points of division, and the curves formed will be the 
upper edge of the falling mould ; the other edge will 
be formed by gauging off the thickness of the rail. 

. Plate 99. 

APPLICATION OF THE FACE MOULD TO THE PLANK. 

To form the figure of the face mould upon each 
side of the plank, so that, when the super- 
fluous wood is cut away, the carved surfaces 
formed thereby may stand perpendicular to 
the plan, supposing the piece thus formed set 
in due position. 

Let abed e fg be the Fig. 1 of the face mould, 
placed in due position to the pitch line g i, as when 
traced from the plan ; and let Fig. 2 represent a de- 
velopment of the plank where X represents the top, 
Y the edge, and Z the under side of the plank. 

The face mould is first applied to the top X, so 
that the points g and the chord line g e of the mould 
may make the same angle at g with the arris line g e 
of the plank that the figure of the mould at Fig. 1 
^ makes with the pitch line ; draw g K, making the 
same angle with i g that the pitch line makes with 
any connecting line or perpendicular, and draw the 
figure of the mould on the plank ; apply the same 
mould to the other side Z of the plank to the point 
K, so that the chord may make the same angle with 
the other arris as on the first side, and draw the fig- 
ure of the mould on this last side ; then the solid 



which is formed by cutting away the superfluous 
wood is the piece required. 

But as it may be desirable to apply the tips of the 
mould g and e close to the edge of the plank, Fig. 3 
shows how the plank is to be lined out according to 
this application. Here the pitch line g K makes the 
same angle with the upper arris of the plank as be- 
fore ; draw g L perpendicular to either arris, cutting 
the lower arris at L ; make the angle K L G equal 
to the angle e g t, Fig. 1 ; make L g equal to L E[, 
and draw the chord g c, in the plane Z, parallel to 
the arris line ; in the plane Z apply the tips g and e 
of the face mould to the line g e, as exhibited in the 
figure ; then draw the form of the face mould as before. 

DEMONSTRATION. 

Fig. 2. Draw g* L in the plane Y, cutting the lower 
arris of the plank at L ; draw the chord K e of the 
face mould in the plane Z, and draw L M in the same 
plane parallel to K e ; also draw L s perpendicular 
to K ^, cutting K ^ at 5. Now, imagine the figure 
M L K « to be moved so as to revolve on the point 
L, until L M come into the arris L w; it is evident 
that the point K will move in the circumference of 
the circle K A, and will come into the position k; and 
that the angle K L A; will be equal to the angle m L M ; 
but the angle m L M is equal to the angle agi, Fig. 1. 
Again : reverting to Figs. 2 and 3, it is plain in Fig. 3, 
that if the angle K L g* in the plane Z be made equal 
to the angle e g t. Fig. 1, and if L g* be made equal 
to L K, and the mould applied to each side of the 
plank as in the figure, the solid, when cut out, by 
taking away the superfluous wood, will be equal and 
similar in all its corresponding parts to that cut out 
according to the oblique chords. Fig. 2. 

Fig. 4 shows another application where the chord 
of the face mould is neither applied to the angle e g t, 
nor parallel to the arris lines ; but as this application 
is rather curious than useful, the bare inspection of 
the diagram will render it * sufficiently clear to those 
who will take the trouble to consider it. 

Plate 98. 

ON THE FORMATION OF THE STRING. 

PROBLEBL 

To form the soffit of a stair with easings at the 
junctions of the fliers and winders. 

Let Fig. 1 be the plan of the stair, the breadth of 
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the steps being divided equally along the middle 
line. Suppose the winders to begin at riser C, and 
let the string from the riser of the cortail step to the 
point C be straight 

The first thing to be done ia to stretch out the 
string; but in this development it will not be neces- 
sary to exhibit it entirely, the circular part and a small 
portion of the straight part at each end will be suffi- 
cient; therefore, beginning at A, we shall take in the 
two fliers over A B and B C. 

In Fig. 2, draw p I parallel to the rail, and makep I 
equal to the length of the line abed e f g A. Draw 
I K perpendicular to p I, make 1 1 ; 1, 2 ; 2, 3 ; equal 
to the heights of the three risers over ABC, Fig. 1 ; 
also, in Fig, 2, make 3, 4 ; 4, 5 ; 5, 6 ; 6, 7 ; 7, 8 ; 
each equal to the height of the winders over D, E, F, 
G, H. In the plan Fig. 1, suppose a line drawn through 
the centre x perpendicular to the rail, cutting the mid- 
dle line at D, and let this line be produced to w, Fig. 2 ; 
in Fig. 2, draw 3 c parallel to p I, cutting xu^\»u; 
join u p and u 1 ; draw p a in the same straight line 
with the riser A, 6 6 in the same straight line with 
the riser B, and c c in the same straight line with the 
riser C, to cut p UBi b and q ; make u r equal to u g, 
then form the easing curve qr ; draw 3 c, 4 c/, 5 6, 
^f^Tgj parallel to /? I, cutting the easing curve at d 
and c, and ul 2X f and g ; draw rf d, e e^ f f^ g g^ 
parallel to I K ; make c d equal to c d, d e equal to 
d c, «/ equal to c/, fg equal to fg, and g h equal 
to g h; then D H being divided into equal parts at 
the points E, F, G, join D d, E c, F/, G §•, and pro- 
duce them to the wall line ; in Fig. 2, draw the curve 
P Q B parallel to p g r at a proper distance, which 
completes one half of the string. The manner of 
completing the other half is evident 

OBSERVATIONS. 

Having given the details of finishing, I shall now 
proceed to offer a few general remarks in relation to 
this subject. 

The selecting of building materials has not, in gen- 
eral, received that care and attention which this im- 
portant subject demands. Many buildings have been 
ruined, the owners of others have been displeased, 
and not without just cause ; and the workman has lost 
his reputation, and forfeited his claim to public patron- 
age, solely from neglect in this important particular. 

The first care of a master builder should be to see 
that his lumber is properly seasoned. The best 
method of seasoning is, after boards or plank have 



been sawed at the mills, they should be immersed in 
salt or fresh water for the space of one or two months ; 
larger lumber should remain in this situation till the 
sap is properly extracted from the wood ; this opera- 
tion preserves the lumber in some degree from the 
dry rot Next take the boards or plank out of the 
water, and pile them in a situation where the air 
may have a free circulation through and on all sides 
of the piles. They should remain in this situation 
for one year ; then take them down and select such 
as are suitable for finishing : these should again be 
stuck in a building, or covered in such a manner as 
to be secure from the weather ; they should remain 
in this situation at least six months before they are 
used. While preparing the stuff for finishing, it 
should be spread to the sun every fair day, and put 
under cover at night for three or four weeks before it 
is put together. The mechanic will feel himself well 
paid for his time and trouble when he shall examine 
his work at any subsequent period. 

Framing timber should be squared up soon after 
being taken out of the water, and stuck up under 
cover for the space of six months before it is worked 
into buildings ; this will correct the erroneous idea, 
in many cases, where the settling of the floor has been 
attributed to bad workmanship, when, in fact, it has 
been occasioned by the shrinking of the timber. 

The kind of lumber in general use for building in 
the New England States is white, yellow, pitch, and 
Norway pine ; spruce, cedar, and sometimes hemlock, 
white and basswood. The hard woods are oak, ma- 
hogany, maple, cherry, and ash. In the Southern 
States there is found a superior species of pine, which, 
for durability, is preferable to northern pine, when 
used for floor boards or joists. 

Pine boards and joists are sorted into different 
qualities, known as Nos. 1, 2, and 3. No. 1 is square 
edged, free from knots, shakes, and rot No. 2, the 
second quality, is sound, not entirely free from knots, 
and is square edged. No. 3 has knots, shakes, is wane 
edged, and has some rot No. 1 is used for the best 
of finishing ; No. 2 for rough boarding, such as roofs, 
side and end boarding, &c., where the edges are re- 
quired to be tongued and grooved, or rabbeted. From 
this quality, by properly sorting them, good floor 
boards may be selected, which should be sawed from 
four to seven inches wide ; many of them will be 
clear, and, after they are wrought to a thickness, the 
clearest may be used for the best rooms, and the others 
as they may be suitable for the different rooms. 
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Mr. Ithiel Town's improyement in the constroction of bridges 
being considered preferable to any mode of bridge building yet laid 
before the publio, it has been thought best, in this department of the 
work, to give his argpiments and description in his own words, and 
to refer the reader to the introduction for such additional fSeusts and 
remarks as has been thought necessary to lay before him, in order 
to give him a more perfect understanding of this important branch 
of his profession. 



Plate !M 



A Description of Ithiel TowtCs Improvement in the 
Construction of wooden and iron Bridges^ intended 
as a general System of Bridge Building for River s^ 
Creeks^ and Harbors^ of whatever Kind of Bottomsj 
and for any practicable Width of Span or Openings 
in every Part of the Cowntry. 

To establish a general mode of constnicting 
wooden and iron bridges, and which mode of con- 
struction shall, at the same time, be the most simple, 
permanent, and economical, both in erecting and 
repairing, has been for a long time a desideratum of 
great importance to a country so extensive, and in- 
terspersed with so many wild and majestic rivers as 
ours is. It has been too much the custom for archi- 
tects and builders to pile together materials, each 
according to his own ideas of the scientific principles 
and practice of bridge building, and the result has 
been, first, that nearly as many modes of construc- 
tion have been adopted as there have been bridges 
built ; second, that many have answered no purpose 
at all, and others but very poorly and for a short time ; 
while most of the best ones have cost a sum which 
deters and puts it out of the power of probably five 
sixths of those interested in ferries to substitute 
bridges which would obviate the many dangers and 
delays incident to them. 

That architects and builders adhere to their own 
ideas in the construction not only of bridges, but of 
buildings, is most universaUy true. They are obsti- 
nately opposed to the adoption of any other mode 
than their own ; consequently it is true, and it is 
seen to be so throughout the country, (and it is much 
to be regretted,) that in very few instances, either in 

erecting bridges or buildings, there is any model, 
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either uniform or in general, very good. But in 
bridges and public buildings, it would seem some- 
thing better might be expected if men scientifically 
and practically acquainted with such subjects would 
step forward in a disinterested manner, and deter- 
mine between principles which are philosophical and 
those which aie not, and between modes of execution 
which are founded in practice and experience and 
those which are founded in ignorance and inexperi- 
ence ; and in matters of taste, if they would deter- 
mine in favor of classic and well-established usage, 
and not that which is the offspring of unimproved 
minds and whimsical fancies, which are ever upon the 
rack to establish new things — the creation of their 
own imaginations, and which are, therefore, sure to 
be wrong, for this good reason — that their authors 
are so. 

Perhaps the following proposition comprises what 
is the most important to be determined with regard 
to a general system of bridge building, viz. : — 

By what construction or arrangement will the 
least quantity of materials and cost of labor erect a 
bridge of any practicable span or opening between 
piers or abutments, to be the strongest and most per- 
manent, and to admit of the easiest repair. 

In giving the best answer to this proposition 
which I am capable of after a number of years' 
attention to the theory and practice of this subject, I 
shall refer to plate 94. The mode of construction is 
so simple and plain to inspection as to require little 
explanation of it. 

Fig. 3 is an elevation of one of the trusses of a 
bridge; one, two, or three of those trusses placed 
vertically upon piers are to be considered as the sup- 
port of the bridge, and are to be of a height, at least, 
sufficient to admit a wagon to pass under the upper 
beams which lie horizontally upon the top string 
piece of the side trusses; and on these same side 
string pieces rest the feet of rafters, which form a 
roof to shingle upon. In this case a middle truss is 
used, which wiU always be necessary in bridges of 
considerable width. The height of it will be as 
much greater than the side ones as the height or 
pitch of the roof. The height of the trasses must 



130 



BRIDGES. 



be eqnal to'the whole height of the bridge required, 
and is to be an exact continuation of the work 
represented in Fig. 1. 

The height of the trusses is to be proportioned to 
the width of the openings between the piers or 
abutments, and may be about one tenth of the open- 
ings, when the piers are fifteen feet or more apart ^ 
a less span requiring about the same height, for the 
reasons before stated. 

The diagonal bearing of these trusses is composed 
of sawed plank, ten or eleven inches wide, and firom 
three to three and a half inches thick. It may be 
sawed firom any timber that will last well when kept 
dry. White pine and spruce are probably the best 
kinds of timber for the purpose, on account of their 
lightness, and their not being so subject to spring or 
warp as white oak. 

The nearer those braces are placed to each other, 
the more strength will the truss have, and in no case 
are they to be halved or gained where they intersect 
each other ; but they are to stand in close contact, 
depending entirely on three or four trunnels which 
go through each joint or intersection ; and where the 
string pieces pass over these joints, the trunnels go 
through them also, and are each of them wedged at 
each end to keep the timber in close contact A 
chain or clamp i? necessary to bring the work tight 
together. 

Trunnels may be made of white oak, one and a 
half inches in diameter. They are made very cheaply 
.and excellently by being rived out square, and driven, 
while green or wet, through a tube fitted to a block, 
and ground to an edge at the top end. They are 
then to be seasoned before they are used. 

The string pieces are composed of two thicknesses 
of plank, of about the same dimensions as the 
braces, and they are so put together as to break 
joints, as shown at Fig. 4. This renders long-hevim 
timber unnecessary, as also any labor in making 
splices and putting on iron work. 

For any span or opening not exceeding one hun- 
dred and thirty feet, one string piece at top and one 
at bottom of each truss, if of a good proportion and 
well secured, will be sufficient ; but as the span is 
extended beyond one hundred and thirty feet, two or 
more at top and bottom would be required, as shown 
in Fig. 1, where two string pieces run over the two 
upper and lower series of joists or intersections of the 
braces : and in wide spans the floor beams may be 



placed on the second siring piece, as shown at 
Fig. 1. 

Fig. 5 shows, on a larger scale, how each joint is 
secured, by which it is seen that the trunnels take 
hold of the whole thickness of each piece. 

Fig. 4 is a section of a bridge of this construction^ 
and shows the manner in which the braces and 
string pieces come together, and also the manner of 
making the floor of the bridge, and of butting beams 
and braces over head, which are to be connected 
with the middle truss for the purpose of bracing the 
bridge against lateral rack or motion. Very flat- 
pitched roofs will be preferable, as they will, in that 
cstse, be a greater support to the upper part of the 
bridge. 

a a a Gj Fig. 1, show the elevation of the roof. 

Fig. 2 is the floor or plan of the bridge, showing 
the mode of bracing and the floor joist 

Fig. 4 is a view of the bottom or top edge of the 
string piece, and shows how the joints are broken in 
using the plank, and also how the trunnels are dis- 
turbed. 

This mode of construction will have the same 
advantages in iron as in wood, and some in cast 
iron which wood has not, viz., that of reducing 
the braces in size between the joints, and of cast- 
ing flaunches to them where they intersect, thereby 
making it unnecessary to have more than one bolt 
and nut to each joint or intersection. 

When it is considered that bridges, covered firom 
the weather, will last seven or eight times as long as 
those not covered, and that the cheapness of this 
mode will admit of its being generaUy adopted, with 
openings or spans between piers composed of piles, 
and at a distance of one hundred and twenty to one 
hundred and sixty feet apart, then the construction 
of long bridges over mud-bottomed rivers, like those 
at Washington, Boston, Norfolk, Charleston, &c., will 
be perceived to be of great importance, especially as 
the common mode of piling is so exposed to freshets, 
uncommon tides, driftwood, and ice, as not to insure 
safety or economy in covering them, and, conse- 
quently, continual repairs, and often rebuilding them, 
become necessary. There is very little, if any, doubt 
that one half of the expense, computing stock and 
interest, that would be required to keep up, for one 
hundred years, one of the common pile bridges, like 
those at Boston, would be sufficient to maintain one 
built in this new mode, keep it covered, and have all, 
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or nearly all, the piera built with stone at the end of 
the one hundred years. If this be the ease, it would 
be great economy to commence rebuilding, by de- 
grees, in this manner. The saving in the one article 
of floor planks, if kept dry, would be very great, as, 
by being so much wet, they rot and wear out in about 
half the time. 

For aqueduct bridges of wood or iron, no other 
mode can be as cheap or answer as well. This mode 
has equal advantages also in supporting wide roofs 
of buildings, centres of wide arches in masonry, 
trussed floorings, partitions, sides of wood towers, 
steeples, &c., &c., of public buildings, as it requires 
nothing more than common planks, instead of long 
timber — being much cheaper, easier to raise, less 
subject to wet or dry rot, and requiring no iron work. 

Some of the advantages of constructing bridges 
according to this mode are the following: — 

1. There is no pressure against abutments or piers, 
as arched bridges have, and, consequently, perpendic- 
ular supports only are necessary : this saving in wide 
arches is very great, sometimes equal to a third part 
of the whole expense of the bridge. 

2. The shrinking of timber has little or no effect, 
as the strain upon each plank of the trusses, both of 
the braces and string pieces, is an end-grain strain or 
lengthwise of the wood. 

3. Suitable timber can be easily procured and 
sawed at common mills, as it requires no large or 
long timber ; defects in timber may be discovered, 
and wet and dry rot prevented, much more easily than 
could be in large timber. 

4. There is no iron work required, — which, at best, 
is not safe, — especially in frosty weather. 

5. It has less motion than is common in bridges, 
and which is so injurious and frequently fatal to 
bridges ; and, being in a horizontal line, is much less 
operated upon by winds. 

6. A level road way is among the most important 
advantages of this mode of construction. 

7. The side trusses serve as a frame to cover upon, 
and thereby save any extra weight of timber, except 
the covering itself; and the importance and economy 
of covering bridges from the weather is too well un- 
derstood to need recommendation after the experi- 
ence which this country has already had. 

8. Draws for shipping to pass through may with 
perfect safety be introduced in any part of the bridge 



without weakening, as in arched bridges, where the 
strength and safety of the arches depend so much on 
their pressure against each other and abutments, that 
a draw, by destroying the connection, weakens the 
whole superstructure. 

9. The great number of nearly equal parts or joints 
into which the strain, occasioned by a great weight 
upon the bridge, is , divided, is a very important ad- 
vantage over any other mode, as, by dividing the 
strain or stress into so many parts, that which falls 
upon any one part or joint is easily sustcdned by it 
without either the mode of securing the joints, or the 
strength of the materials being sufficient. 

10. The expense of the superstructure of a bridge 
would not be more than from one half to two thirds 
of other modes of constructing one over the same 
span or opening. This is a very important considera- 
tion, especially in the Southern and Western States, 
where there are many wide rivers, and a very scat- 
tered population to defray the expenses of bridges. 

11. This mode of securing the braces by so many 
trunnels gives them much more strength when they 
are in tension strain than could be had in the com- 
mon mode of securing them by means of tenons and 
mortises ; for tenons being short, and not very thick, 
compared with this mode, nor having so much hold 
of the pins or trunnels as in this case, will, of course, 
have much less power to sustain a tension or pulling 
strain ; and it is obvious that this strain is in many 
cases equal to, and in others greater than, the thrust 
or pushing strain. It is also very obvious that this 
pushing or thrust strain in the mode of tenons and 
mortises receives very little additional strength from 
the shoulders of the tenons, as the shrinkage of the 
timber into which the tenon goes is generally so much 
as to let the work settle so far as to give a motion 
or vibration, which, in time, renders them weak and 
insufficient. 

12. Should any kind of arched bridge, for any rea- 
son, be preferred, however, it may be arched either at 
top or bottom, or both ; still this same mode of com- 
bining the materials will have all the advantages, as 
to cheapness and strength, over the common ones of 
fraiining, as in the case of the horizontal or straight 
ones before described. In cases where abutments 
are already built, it may sometimes be preferred. 

Sidewalks may with equal ease be constructed, 
either on the outside or inside of the main bodv of" 
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the bridge, which particular, aa also the great strength 
of the mode, &c., maybe better seen by examination 
of the models, which are, or soon will be, placed in 
most of the principal cities of the United States ; and 
no merit is either desired or claimed in this new mode 
of construction by the patentee which the mode 
itself does not command, even on the most strict 
philosophical investigation,- as to its mathematical 
principles, the easy, practicable, and advantageous 
application of materials, the advantages it possesses 
in mechanical execution, and its simplicity, strength, 
economy, and durability, as a general and uniform 
mode of bridge building. 

Science and practice will, in a short time, decide on 
this question, so important to this extensive country. 

I shall conclude this article by a few ideas taken 
from the celebrated Robert Fulton's Treatise on Ca- 
nal Navigation, page 117 and subsequent pages. 

In England, the attention of engineers has, of late 
years, been much engaged on bridges of iron. These 
bridges, as experience produces courage, are progres- 
sively enlarging their dimensions ; nor should I be 
surprised if genius should, in time, produce the me- 
chanic rainbow of one thousand feet over wide and 
rapid rivers. In crossing the rivers in such countries 
as Russia and America, an extensive arch seems to 
be a consideration of the first importance, as the riv- 
ers, or even rivulets, in time of rain, suddenly swell 
to a great height ; and in the spring, on breaking up 
of ice, the immense quantity which is borne down 
with a rapid stream would, if interrupted by small 
arches and piers, collect to such a weight as ulti- 
mately to bear away the whole. It is, therefore, ne- 
cessary that, in such situations, an arch should be 
extended as far as possible, and so high as to suffer 
every thing to pass through, or the inhabitants must, 
without some other expedient, submit their passage 
to the casualties of the weather. 

The important objection to bridges of wood is their 
rapid decay ; and this objection is certainly well 
founded when particular situations are alluded to 
where timber is scarce, and, consequently, expensive. 
But in such countries as America, where wood is 
abundant, I conceive it will be a fair criterion to 
judge of their application by calculating on the ex- 
pense of a bridge of stone and one of wood, and 
then compare the interest of the principal saved in 



adopting the wood bridge with the expenae of its 
annual repairs. 

I have before exhibited the necessity of constract- 
mg bridges in America of an extensive span or arch, 
in order to suffer the ice and collected waters to pass 
without interruption ; and for this purpose, it most 
be observed that a wood arch may be formed of a 
much greater length or span than it is possible to 
erect one of stone : hence wooden bridges are appli- 
cable to many situations where accumulated waters, 
bearing down trees and fields of ice, would tear a 
bridge of stone firom its foundation* 

It therefore becomes of importance to render bridges 
of wood as permanent as the nature of the material 
will admit. 

Hitherto, in bridges not covered frora the weather, 
the immense quantity of mortises and tenons, which, 
however well done, will admit air and wet, and, con- 
sequently, tend to expedite the decay of the weak 
parts, has been a material error in constructing bridges 
of wood. 

But to render wood bridges of much more impor- 
tance than they have hitherto been considered — first, 
from their extensive span ; secondly, firom their dura- 
bility — two things must be considered : first, that the 
wood works should stand clear of the stream in every 
part, by which it never would have any other weight 
to sustain than that of the usual carriages ; secondly, 
that it will be so combined as to exclude, as much as 
possible, the air and rain. 

When the true principle of building bridges of 
wood is discovered, their progressive extension is as 
reasonable as the increased dimensions of shipping, 
which, in early ages, was deemed a great work, if 
they amounted to one hundred tons' burden; but 
time and experience have extended the art of ship 
building to two thousand tons, and in the combina- 
tion and arrangement of the various and complicated 
parts there certainly is more genius and labor re- 
quired than in erecting a bridge of five hundred or 
one thousand feet span. But the great demand for 
shipping has rendered their formation familiar, and 
their increased bulk has gradually grown upon our 
senses. But had a man, in the infancy of naval 
architecture, hinted at a vessel of two thousand tons, 
I am inclined to think bis contemporary artists would 
have branded him as a madman. 
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WATERLOO BRIDGE. 

Plate 95. 

This bridge, thrown over the River Thames, at 
London, was projected by Mr. Greorge Dodd, about 
the year 1805, Considerable time, however, elapsed 
before the ultimate arrangements necessary to carry 
it into execution were made. The first act was ob- 
tained in the month of June, 1809, and incorporated 
the proprietors under the name of the " Strand Bridge 
Company," empowering them to raise the sum of 
j6500,000 in transferrable shares of <£100 each ; and 
the further sum of <£ 300,000, by the issuing new 
shares, or by mortgage, in case it should be found 
necessary. In July, 1813, a second act was passed, 
enabling them to raise an additional sum of <£ 200,000 ; 
and in July, 1816, a third act was obtained, granting 
the company further powers, and changing the name 
firom Strand Bridge to Waterloo Bridge, which name 
it now bears. 

Mr. Rennie, having been appointed engineer to the 
company on the 23d day of June, 1810, furnished two 
designs, one of seven and the other of nine arches, 
the latter of which was finally approved by the com- 
mittee and ordered to be put in execution. 

This noble bridge is situated about half way be- 
tween the Bridges of Blackfiriars and Westminster. 
The river at this place \s about 1326 feet wide at 
high water ; and ordinary spring tides rise about 13 
feet, and ordinary neap tides about 9 feet 6 inches. 
The greatest depth at low water is about 9 feet. The 
bed of the river is composed principally of a stratum 
of sand and gravel resting upon clay. 

The bridge is level, and consists of nine semi-ellip- 
tical arches, each having a span of 120 feet, and a 
rise of 35 feet; thus leaving for the navigation 30 
feet of clear height above the high water of spring 
tides, and forming an ample water way of 1080 feet. 
The abutments are 40 feet thick at the bases, and 
diminish to 30 feet at the springing of the arches. 
Their lengths, including the stairs, are 140 feet. The 
piers are 30 feet broad at the base, and diminish to 
two thirds at the springing of the arches. Their 
lengths at the bases are 87 feet. The points or sa- 
lient angles of the piers are in the form of a Gothic 
arch, and are terminated above by two three-quarter 
columns, supporting an entablature which forms a 
recess. The whole is surmounted with a balustrade 
and a frieze and cornice of the Grecian Doric. The 



columns are Doric also, and were selected on account 
of the extraordinary strength of their proportions, aa 
being best suited to a structure of this magnitude : 
they are 23 feet 9 inches high, or, rather, more than 
four diameters. 

The clear width between the parapets is 42 feet 4 
inches, allowing 28 feet 4 inches for the carriage-way, 
and 7 feet for each of the footpaths. 

Four plying places, or stairs, for watermen, are 
formed by circular wings, projecting at right angles 
to the bridge, with archways leading to the road way. 
These wings are ornamented with columns, entabla- 
tures, &c., as before described. 

The bridge being level, and of so great a length, it 
became necessary to provide means for carrying off 
the rain water. This is effected by having circular 
openings in the centre of each pier, which enter the 
river immediately below low-water mark ; these open- 
ings are connected with iron branch pipes up to the 
level of the road-way, where gratings are placed to 
receive the water. 

The roads, or approaches, to each end of the pier 
are 70 feet wide throughout, except just at the en- 
trance into the Strand, and are carried over a series 
of semicircular brick arches of 16 feet span each. 
The Surry, or southern approach, is formed by 39 of 
these, besides an elliptical arch of 26 feet span over 
the narrow wall road, and a small embankment 
about 165 yards long, having an easy and gradual 
ascent of not more than 1 foot in 34 feet. 

Feet. 
The length of the brick arches in the Surry 

approach is 766 ■ 

Ditto of those in the Strand approach, . . 310 
Total length of the bridge from the ends of 

the abutments, 1380 

Total length of the bridge and brick arches, 2456 

Fig. 1 exhibits a longitudinal section of one of the 
arches, the adjacent piers, and part of the next adja- 
cent arches, with the elevation of one of the trusses 
forming the centre. The curve of equilibrium passes 
through the middle of the length of the arch stones, 
or very nearly so. The hollows over the piers are 
raised to the level of the summits of the arches by 
parallel brick walls, and connected with blocks of 
stone from wall to wall, for supporting the road-way. 

The centring was composed of eight trusses. It 
is 1250 feet long, has nine elliptical arches of 120 feet 
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span over the river, with piers 20 feet thick, bnilt en- 
tirely of granite, and forty brick arches for a cause- 
way on the Surry side. This plate is given with a 
view of showing the construction of masonry, as gen- 
erally applied to bridge building. The geometrical 
principle of constructing arches, and drawing the 
joint lines so as to be perpendicular to the curve, is 
sufficiently explained in plate 101. 

Fig. 2. The horizontal section showing the brick 
walls, as a, a, &c., which are covered with stone ; 
also, the foundation of the piers at ft, 6, &c. 



EURAL VILLA AT MILFORD, MASS. 

Plate 1M. 

On this plate we have given a front elevation, with 
a transverse section, together with the entrance and 
chamber-story plans of a villa that we have erected 
during the past year, in the town of Milford, Mass., 
for A. C. Mayhew, Esq. It was our intention at 
first to place at the last part of this work a series of 
six designs for buildings of this character, with their 
plans and details ; but upon further consideration we 
have concluded to omit them, and, at some future 
time, publish them in a form more in keeping with 
a work of a rural character; this plate, however, 
being made, we have inserted it as plate 96. 
The size of the building will be readily seen by 
the figures on the drawing. The outside walls 
are of hard-burnt bricks, and are twelve inches 
in thickness, which are vaulted, or having an air 
space of four inches between the exterior and inte- 
rior courses. The angles of the building are laid 
solid, as are also the sides of the openings in the 
walls, such as the sides of the doors, windows, &c. 
The vaulted portions are connected together by 
means of ties of brick in every two feet in length. 
The exterior walls are covered with stucco cement, 
and colored in imitation of drab stone. The exte- 
rior wood work is painted, and sanded with beach 
sand. — Editors. 



CHURCH EDIFICE AT MILFORD, MASS. 

Plate 97. 

On this plate will be found the two plans, and the 
fi'ont elevation of a small church which was erected 



under our superintendence in 1850, for the Pearl 
Street Universalist Society of Milford, Mass. We 
do not present it as containing any thing of pecu- 
liar merit or of costly design ; but the airangement 
of the plans and the general features of the build* 
ing having received the approval and approbation 
of building committees and others interested in 
such matters, we have, at their urgent solicitations, 
and at the suggestions of many others, inserted this 
plate for the benefit of those seeking the information 
the plate and its description may contain. The fol- 
lowing description of this edifice appeared in the 
Trumpet and Universalist Magazine at the time the 
building was dedicated ; and, with a few slight alter- 
ations, we transcribe it entire, as the description of 
plate 97.' 

ARCHITECTURAL DESCRIPTION OF THE NEW MEET- 
ING-HOUSE IN MVLFOBJ), MASS. 

This building is built of wood, erected upon a brick stylobate or 
basement, and is of the following dimensions, tie., length, 72 feet 
8 inches; width, 61 feet, outside; with a projecting yestibule on 
the front end, 13 feet wide hj 26 feet long, and the posts are 26 feet 
in height. Upon the roof of the vestibule stands a pedestal, 19 feet 
square and 13 feet high, finished with suitable projections ; upon 
this is a clock tablet, 15 feet square and 12 feet high, coyered with 
a roof showing an entablature and pediment on each side ; the tab- 
let is finished with heavy mouldings, and a recess 8 inches deep is 
made on each side, to receive a dial 7 feet in diameter. Rising from 
this is an octagonal bell tower, 12 feet in diameter and 16 feet high, 
including its base and entablature ; on each of its sides are arched 
openings, 3 feet 3 inches in width, and in each of which is a bolus- 
trade, composed of heayy-tumed balusters. Upon this tower is an 
octagonal pedestal, 6 feet high and 11 feet in diameter, with deep 
panels on each side, which is surmounted by a spire i5 feet highf 
crowned with a carved ftnial, making the entire height from the line 
of the grading 136 feet. The style of architecture is the Roman- 
esque, which is a combination of the Roman and the late Norman, 
the latter being the preyailing style of the 11th century. The cor- 
ners of the building, together with the vestibule, are finished with 
heavy pilasters 2 feet 9 inches wide, in each of whieh is a deep 
circular-headed panel; upon these rests a dentil corniced entablature, 
6 feet deep, llie cornice of the entablature is continued up the 
rakes of the main building and vestibule, which finish gives the 
whole an imposing and massive appearance. 

The building is lighted on either side by three circular-headed win- 
dows, which axe composed of two circular-headed parts, and separated 
by a large mullion ; and the front of the main building, on either side 
of the vestibule, by one of the same style, and of two thirds the width 



* To OUS BELOVED FRIEND, THE ReV. HeXBT A. EaTOK, PAS* 
TOB OF THE BOCIETr, AND UNDER WHOSE MINfBTRATIONB THE 
BUILDING WAS ERECTED, THIS PLATE IS RESPECTFULLY DEDI- 
GATED, AS A SMALL TRIBUTE OF RESPECT AWD B8TEEM, BT THE 
ARCHITECTS. 

THOMAS W. SILLOWAT, 
GEORGE M. HARDING. 
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of tho0e on the sides, making them adapted to their location, llie 
choir-room, which is on the second floor of the yestiibale, is lighted 
by a large window, composed of one in its centre, similar to those 
before described ; to which is added on either side another of one 
half its width, and a proportionate height, and separated from it by 
pilasters, the capitals of which are so disposed that the centre win- 
dow is stilted 1 foot 6 inches ; the width of the entire window is 11 
feet. Beneath this window, on the front of the yestibule, is the 
main entrance to the building, which is by three circular-headed 
doors, the centre one of which is 5 feet wide and 13^ feet high ; the 
arch of this door is stilted 3 feet. Those of either side are 3^ feet 
wide and 10 feet 3 inches high ; making an actual space in width 
of 12 feet, which is 1 foot 6 inches more than the whole width of the 
church aisles. The doors are entered by five steps, which are built 
of southern pine, and extend the entire length of the yestibule, in- 
cluding a buttress 3 feet wide at either end. This brings us to the 
interior of the building. 

As has been before stated, the entrance was but fiye steps from 
the grading on the front end« so that the entrance floor is fiye feet 
lower than the pew floor ; a space of four feet is left at the entrance 
on the inside, the entire length of the yestibule, 24 feet And at 
that distance from the doors, a flight of eight stairs, 13 feet long, 
lead up to the entry of the church ; which entry is 7i feet wide, 
and runs the entire width of the church on the inside. These stairs 
are very easy of ascent, and, being 13 feet long, amount to 2^ feet 
more than the width of all the aisles, so that these, together with 
the outside doors, insure against any jam being produced in the 
entry of the building, which is one of the eyils with which the 
architect has often to contend. 

On either side of the main stairs to the church are those leading 
to the yestry ; these are each 4^ feet wide, making a passage-way 
of 9 feet; they are built of southern pine, as are also the floors of 
all the entries, and are oUed oyer, leaying the natural color of the 
wood. A large mahogany rail and southern pine balusters com- 
mence at the foot of those to the yestry, and are continued up 
around the well-room oyer those to the church, and returns at 
the top railing in the space on the upper entry, which is not 
occupied by those leading to the entrance floor. 

An arch is sprung oyer each of the three openings at the top of the 
church stairs ; these openings are made by a square pillar coming 
down at the head of the stairs on either side, so that, beneath these 
three arches, the whole space is open on the church entry floor the 
entire width of the yestibule, which giyes to the whole a spacious 
and airy appearance. From this floor, stairs on either end lead to 
the singing gallery. Beneath this entry, on the yestry floor, is one 
of the same width, and from it is a door 4 feet wide, leading to the 
outside of the building ; one leading to a room 12 feet square, for 
wood and coal, beneath the church stairs ; also two others leading 
to the yestry, the dimensions of which are 42 by 49 feet, and 11 feet 



high in the dear ; oonnected with which are two ante-rooms, each 
20 feet 6 inches by 22 feet. Attached to each of these rooms is a 
closet, 4 feet wide and 11 feet long. The ante-rooms are separated 
from the yestry by large doors, which moye on castors, so that the 
whole may be thrown into one large room. 

The floor of the church contains 82 pews, 2 feet 10 inches wide, 
and 9 feet 7 inches in length, which proyides 19 inches to a person, 
allowing 6 persons to a pew, making the house capable of seating in 
aU, including the gallery, 660 persons. The side aisles are 3 feet 
wide; the one in the centre, 4i feet. 

The pulpit is of an original design, and is in strict accord- 
ance with the architectural character of the edifice. It is an im- 
itation of rosewood, and the seyen circular-headed paneli on the 
front are lined with garnet plush. The sofa oonnected with the 
piQpit ii of rosewood* and was designed for the place it occupies ; 
the trimmings of the sofe, pulpit, and chairs are also of garnet 
plush. 

There is a choir gallery at the end of the church, over the 
entrance, connected with which is a room for the choir's rehear- 
sals, 24 by 12 feet, and 12 feet high. There is a dado in each 
of the side aisles of the main floor, to the height of the window 
sills, which is returned at the sides of each window, making a 
pedestal of sufficient width to include the window and the fresco 
pilasters at its sides. This dado has a capping and base, which, 
together with the doors of the church, are grained black walnut. 

The windows of the whole building, aboye the basement, are 
furnished with blinds on the inside, and are painted Paris green. 
The walls of the principal room are 24 feet high, and these, with the 
whole interior of the church, are finely painted in distemper fresco^ 
in the following manner : The side walls haye a fine fiuted Corin- 
thian pUaster on each side of aU the windows, which support an 
entablature 3 feet deep, extending entirely around the church walls; 
between each of these is a sunken panel, and inside of these is one 
which is raised ; oyer the windows is a rich moulding ornamented 
with a console, and ending at the pilasters with an acanthus leal 
On the back end, on either side of the recess, back of the pul- 
pit, is painted a niche standing on a pedestal, and finished like the 
windows. In the recess back of the pulpit is represented an arched 
panelled recess or passage, leading to a rotunda, in the centre of 
which stands a large cross ; the ceiling is yery finely decorated by 
large panels, and at the angles are ornaments of Roman foHage, 
extending some 11 feet either way. In the centre of the ceiUng is 
a cast-iron register, 8 feet in diameter, to admit the foul air to one 
of Emerson's yentilators, (which effectually yentilates the room;) 
around this is a beautiful design of foliage, and on two of its sides 
is seen a harp, supported by the leayes and scrolls. The tint of the 
ground is a gray lilac. The building was raised in November last, 
and has been entirely completed since that tame. It has cost, 
including the land and furnishing, not for from ^10,500. 

T. W. 8. 
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Gk)thic, or what may be tenned, with more pro- 
priety, English architecture, is that style which im- 
mediately succeeded the Norman, and the most 
prominent feature of which is the pointed arch, 
slender columns, and a predominancy of vertical 
lines. We should have been pleased to have given 
a full description of this kind of architecture ; but 
our limits not permitting, we shall content ourselves 
with simply giving a synopsis of some of its char- 
acteristics; and to those of our patrons who may 
wish for a more extensive knowledge of this branch 
of the science, we would refer them to a work 
known as the Glossary of Architecture, the fifth 
edition of which was published in London the past 
year. This work contains a very elaborate description 
of all that pertains to this branch of the science, and 
is a production of inestimable value. We have 
stated that this species of architecture immediately 
succeeded the Norman —* indeed, it is a work of 
some nicety to draw the dividing line between them ; 
but, before proceeding further, we will remark that 
the Rev. Mr. Millers, of England, has divided the 
architecture on which we treat into three distinct 
classes, and his classification has met the approval 
of Rickman and Pugin, who are among the principal 
aichitectural writers of England. The first style he 
terms the Early English, the second the Decorated, 
and the third the Perpendicular. We shall follow 
him in this respect, and shall describe each style re- 
spectively hereafter. 

The Early English, then, is the style which is 
nearest to the Norman, and it may be said to have 
grown out of it ; and here we beg leave to differ 
from the opinion that has at times found warm 
advocates, which is, that the form of the arch which 
characterizes this species of architecture was sug- 
gested by the intersection of branches of trees. This 
idea is, without doubt, the production of a fertile 
imagination, and, like the famous story of Callima- 
chns and the vase at Corinth, it may be regarded as 
a play of the fancy and a freak of ideality. One of 
the principal features of the Norman architecture is 



the very frequent use of the Roman arch ; and, by 
describing a second semicircle with a point in the 
circumference of one already drawn as a centre, 'we 
produce what is familiarly known as the Grothic arch, 
and a series of these we term intersected oi/rches. 
This also is of frequent occurrence in the later 
Norman architecture ; and we deem it no departure 
from the principles of logic to deduce from this fact 
that the arch used in the English architecture ^scras 
no invention, but simply a transfer to it from the 
Norman, and that, even with those with whom it 
originated, it was the result of accident rather than 
design. We thus give our reasons for the intrusion 
we make upon the favorite speculations of those 
who may differ from us, for we do so with all re- 
spect to their love of the ideal, and we would be the 
last to deprive them of the pleasure they may de- 
rive from the idea that those with whom one of the 
most beautiful of the productions of architecture had 
its origin were men endowed with great inventive 
talent, and that, too, which often manifested itself to 
an astonishing degree. But to proceed: we will 
again remark, that the first style is the Early English, 
and is, as its name suggests, the earliest of the three. 
The intersecting arches to which we have before 
referred characterized the Norman, as it was about 
to merge into it, and, in some instances, we find 
examples of the pointed arch in the Norman, entirely 
by itself; thus the one has produced the other. 

The time when this style may be said to have had 
its rise was about the year 1200, and continued from 
this period to 1300, which extended through the reigns 
of John, Henry III., and Edward L It is stated that, 
during the reign of Henry IIL alone, no less a num- 
ber than one hundred and fifty-seven abbeys, priories, 
and other religious houses were founded in England ; 
and the erection of these was considered as among 
the most effectual means of obtaining the forgiveness 
of sins, and, consequently, the favor of Heaven. 
The principal characteristic of this style is, in the 
language of Gwilt, as follows: The arches are 
sharply lancet pointed, and lofty, in proportion to 
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their span. In the upper tiers, two or more are com- 
prehended under one, finished in trefoil or cinquefoil 
heads, instead of points, the separating columns 
being slender. Columns on which the arches rest 
are very slender in proportion to their height, and 
usually consist of a central shaft, surrounded by 
several smaller ones. The base takes the form of 
the cluster and the capital is frequently decorated 
w^ith foliage, very elegantly composed. The win- 
dows are long, narrow, and lancet-shaped, whence 
some writers have called this style the Lancet Grothic. 
They are divided by one plain mullion, or, in upper 
tiers, by two at most, finished at the top with some 
simple ornament, as a lozenge, or a trefoil. They 
have commonly small marble shafte on each side, 
both internally and externally ; two, three, or more, 
together, at the east or west end, and tier above tier. 
Roofs are high pitched, and the ceilings vaulted, 
exhibiting the first examples of arches with cross 
springers only, which, in a short period, diverged into 
many more, rising from the capitals of the columns, 
and almost overspreading the whole surface of the 
vaulting. 

The longitudinal horizontal Une which reigned 
along the apex of the vault was decorated with 
bosses of flowers, figures, and other fancies. Wails 
much reduced in thickness from those of the pre- 
ceding period ; they are, however, externally strength- 
ened with buttresses, which, as it were, lean against 
them for the purpose of counteracting the thrust 
exerted by the stone vaults which form the ceil- 
ings, and which the walls and piers, by their own 
gravity, could not resist. The buttresses are, more- 
over, aided in their office by the pinnacles, adorned 
with crockets at their angles, and crowned with 
finial flowers, by which they are surmounted. The 
ornaments now become numerous, but they are sim- 
ple and elegant The mouldings are not so much 
varied as in the Norman style, and are generally, 
perhaps universally, formed of some combination of 
leaves and flowers, used not only in the circumference 
of arches, especially of windows^ but the columns or 
pilasters are completely laid down with them — tre- 
foils, quatrefoils, cinquefoils, roses, mullets, bosses, pa<- 
teree, &c, in the spandrils, or above the keystones of 
the arches, and elsewhere. The ornamental pinna- 
cles on shrines, tombs, &c., are extremely high and 
acute, sometimes with, and sometimes without, niches 

under them. In east and west fronts, the niches are 
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filled with statues of the size of life, and larger, and 
are crowned with trefoil, &c, heads, or extremely 
acute pediments, formed by the meeting of two 
straight lines, instead of arcs. All these ornaments 
are more sparingly introduced into large, entire edi- 
fices than in smaller buildings or added parts. The 
plans are, generally, similar to those of the preceding 
period ; but that important feature, the tower, now 
begins to rise to a great height, and lanterns and 
lofty spires are frequent accompaniments to the 
structure. It will naturally occur to the reader, that, in 
the transition from the Norman to this style, the archi- 
tects left one extreme for another, though it has been 
contended that the latter has its germ in the former. 
However that may be, the period of which we are 
now speaking was undoubtedly the parent of the 
succeeding styles, and that by no very forced or un- 
natural relationship. 

The principal examples of the early English style, 
in the cathedral churches of England, are to be seen 
at Oxford^ in the chapter-house ; Lincoln^ in the nave 
and arches beyond the transept ; York^ in the north 
and south transept ; at Durhamy in the additional tran- 
sept; WellSy the tower and the whole western firont; 
Carlisle^ the choir ; Ely^ the presbytery ; Worcester^ 
the transept and choir ; SaMsbwryy the whole cathe- 
dral — the only unmixed example ; at Rochester ^ the 
choir and transept. " It is well worthy of observa- 
tion," says Mr. Dallaway, ^ that though the ground 
plans of sacred edifices are, generally speaking, simi- 
lar and systematic, yet in no single instance which 
occurs to my memory do we find an exact and un- 
varied copy of any building which preceded it, in any 
part of the structure. A striking analogy of resem- 
blance may occur, but that rarely." 

The second class or style is the Decorated, and oc- 
cupied the period between 1300 and 1460. ^^ In the 
early part of the period," continues Qwilt, " the change, 
or rather progress, was extremely slow, and marked by 
little variation ; and indeed, until 1400, the style can 
scarcely be said to have been perfected; but after 
that time, it rapidly attained all the improvement 
whereof it was susceptible, and so proceeded till 
about 1460, after which it assumed an exuberance 
of ornament, beyond which, as it was impossible to 
advance, it was in a predicament from which no 
change could be effected but by its total abandon- 
ment. This style ex|iibits arches^ less acute and 
more open, the forms varying." 
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CblM^MM. — > The central and detached shafts are 
now worked together into one, from experience of the 
weakness of those of the previous style, exceedingly 
Tarions in their combinations. 

The vnndows are larger, divided by mullions into 
several lights, spreading and dividing at the top into 
leaves, flowers, fans, wheels, and fanciful forms of 
endless variety. These marks are constant, but in 
the proportionate breadth there is much variation; 
for, after having expanded in the reigns of Edward I. 
and IL, they grew narrower again in proportion to 
their height in that of Edward III., and also sharper. 
The head was then formed of lines just perceptibly 
curved, sometimes even by two straight lines, some- 
times just curved a little above the haunches, and then 
rectilinear to the apex. The eastern and western win- 
dows were very lofty and ample, and splendidly deco- 
rated with painted glass. In regard to the roof or 
eeilinffy the vaulting is more decorated. The princi- 
pal ribs spread from their imposts, running over the 
vault like tracery, or, rather, with transoms divided 
into many angular compcurtments, and ornamented 
at the angles with heads, orbs, historical or legendary 
pictures, &c., elaborately colored and gilded. The 
ornaments are more various and labored, but not so 
elegant and graceful in character, as in the preceding 
style. Niches and tabernacles, with statues, are 
used in great abundance. Tiers of small ornamental 
arches are frequent. The pinnacles are neither so 
iofly nor tapering, but are more richly decorated with 
leaves, crockets, &c Sculpture is introduced in 
much profusion, and is frequently painted and gilt ; 
screens, stalls, doors, panelled ceilings, and other 
ornaments in carved and painted wood. 

Some of the principal examples of the ornamented 
English style in cathedral churches are, at Exeter^ 
the nave and choir; Lichfield^ uniformly; at Lincoln^ 
the additions to the central tower ; at Worcester^ the 
nave; York^ nave, choir, and western front; at Ca/n- 
terburyj transept ; at Oloucester^ transept and cloisters 
began ; Norwich^ the spire and tower ; Salisbury^ spire 
and additions ; Bristol^ the nave and choir ; Chichester^ 
the spire and choir; Ely^ Our Lady's Chapel, and 
the central louvre ; Hereford^ the chapter-house and 
cloisters, now destroyed. In the later part of the pe- 
riod, the choir at Grloucestery the nave at Ganterburi/j 
Bishop Beckington's additions at WeUs^ and from 
the upper transept to the great east window at 
Lincoln, 



FLORID ENGLISH, OR PERPENDICU- 
LAR STYLE. 

" There is," as Dr. Henry observes, " a certain per- 
fection in art to which human genius may aspire 
with success, but beyond which it is the apprehen- 
sion of many that improvement degenerates into false 
taste and fantastic refinement." ^< The rude sim- 
plicity of Saxon architecture was [ultimately] sup- 
planted by the magnificence of the ornamental Gothic ; 
but magnificence itself is at last exhausted, and it 
terminated during the present period in a style cen- 
surable as too ornamental, departing from the gran- 
deur peculiar to the Gk>thic, without acquiring pro- 
portional elegance; yet its intricate and redundant 
decorations are well calculated to rivet the eye, and 
amaze, perhaps bewilder, the mind." The period of 
this style is from 1460 to the dissolution of the re- 
ligious houses in 1537, and comprehends, therefore, 
the reigns of Edward IV. and V., Richard IIL, 
Henry VII. and VIIL 

Its principal characteristics are arches, univer- 
sally flat, and wide in proportion to their height 
The windows are much more open than in the 
last period, flatter at the top, and divided in the 
upper part by transoms, which are almost con- 
stantly crowned with embattled work in miniature. 
The ceiling'Sj or vaulting's, spread out into such a 
variety of parts that the whole surface appears cov- 
ered with a web of delicate sculpture or embroidery 
thrown over it; and from different intersections of 
this ribbed work, clusters of pendent ornaments hang 
down, as Mr. Miller observes, like *^ stalactites in 
caverns." The fiying buttresses are equally orna- 
mented, and the external sufaces of the walls are one 
mass of delicate sculpture. The ornaments, as may 
be deduced firom the above particulars, are lavish and 
profrise in the highest degree. Fretwork, figures of 
men and animals, niches and tabernacles, accompanied 
with canopies, pedestals, and traceries of the most 
exquisite workmanship, carried this style to the sum- 
mit of splendor ; and all these combined had, perhaps, 
no small share in producing the extinction it was 
doomed to undergo. 

Rqslin and Holyrood Chapels, the first whereof was 
erected by Sir William St Clair, for richness and 
variety of ornamental carvings cannot be exceeded. 
Its plan is without parallel in any other specimen of ^ 
the fifteenth century. The latter was finished by 
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James, the eeeond of that name, m 1440, and is a 
beantifiil example, with flying buttresses, which are 
more ornamented than any even in England. Ex- 
amples of the Florid Gk>thic or Perpendicular style 
are to be seen at the cathedral churches of Glouces-* 
iefj in the Chapel of Our Lady ; at Oxford^ in the 
roof of the choir; at Ely^ in Alcock's Chapel; at 
Peterboro\ in Our Lady's Chapel ; and at Hereford^ 
in the north porch. In conventual churches at 
Windsor^ St George's Chapel at Cambridge^ King's 
College Chapel at Westminsterj King Henry VIL's 
Chapel; at Gfreat Melvem^ in Worcestershire, tiie 
tower and choir; at Chrisfs Churchy Oxford, the 
roof of the choir ; and at Evesham Abbey ^ in Worces- 
tershire, the campanile and gateway. 

Among other principal examples in this style, it 
may be well to mention that Scotland boasts of many 
fine specimens of ecclesiastical architecture. The 
Abbeys of Melroee and Kelso, founded by David L, 
as well as thoee in Dryburgh and Jedburgh, —all in 
Roxburghshire, — prove that the art advanced to as 
great perfection north of the Tweed as it did in 
England. 

For parochial churches, except in some very few 



specamens in Bomeisetshire, and there, perhaps, only 
in parts, we are unable to refer the reader to a com- 
plete specimen, in all its parts, of the perpendicular 
style. The pulpit and screen at Dartmouth, in Dev- 
onshire, are worthy of his notice. 

The following synoptical view of the general di- 
mensions of the above cathedrals, we think, may 
prove occasionally useful to tiie reader, by enabling 
him to compare the whole of them and their parts 
with each other. Dallaway, without Uie remotest 
idea of the principles in question, has observed, 
with his usual sagacity, that there appears in them 
<< a distribution of parts which will hold almost gen- 
erally, that the width of the nave is that of boiii 
the aisles, measured in the place to the extremity of 
the buttresses externally ; and that the breadth and 
height of the whole building are equal. In tiie more 
ancient churches, the aisles are usually of the width 
of the space between the dividing arches." Some 
idea of the principle is conveyed in the plates of 
Milan Cathedral, curiously introduced into the very 
early translation of Vitruvius by CsBsar Cesarianus, 
a woi^ of great curiosity, and of which copies aie 
now rarely met with. 
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73 


73 


..«. 


mm^ 


^"^ 




Tower, 127 


Rochester, . 


306 


150 


65 


^ 


156 


.-. 


— 


122 


Spire, . 156 


Carlisle, 


213 


— . 


71 


71 


137 


71 


.-. 


•^— 




Bath, . 


210 


136 


72 


78 


— 


M 


— 


126 


Tower, . 162 


Bristol, 


175 


100 


75 


73 


100 


^ 


— 


128 


Do., . 127 


Oxford, 


154 


74 


54 


41 


80 


\ 


37i 


102 


Spire,. . 184 



140 
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To the above we subjoin tiie eonespondent dimen- 
Bions of the several component parts of some of the 
cathedral churches enumerated, which we consider 
useful to the student as well as the general reader. 



Total Length. 


re«t. 


Chichester cathedral church, 


• 


410 


Norwich cathedral church. 


• . 


. 411 


Worcester cathedral church, 


• 


410 


Durham cathedral church, 


• • 


. 420 


Gloucester conventual church. 


. 


420 


BrighteefNa 


rm. H/it, 




VMt 




Salisbury cathedral church. 


. 84 


Pointed arch. 


Lincoln cathedral church, . 


. 83 


Pointed arch. 


Canterbury cathedral church, 


. 80 


Pure Gothic. 


Peterboro' conventual church. 


, 78 


Norman. 


Winchester cathedral church, 


. 78 


Pure Gothic. 


Durham cathedral church, . 


. 71 


Norman. 


Ely cathedral church, 


. 70 


Norman. 


Exeter cathedral church, . 


. 69 


Pointed arch. 


Gloucester conventual church, 


.67 


Norman. 


Wells cathedral church, . 


. 67 


Pointed arch. 


Breadths of Naves and Aisles. 


Feet 


IlMt 


l^rt. 


Norwich, . 71 Exeter, • 


. 74 


Durham, . 80 


Bristol, . . 73 Salisbury, 


. 76 


Lincoln, . 83 


Chester, . . 73 Peterboro', 


. 78 


Gloucester, 84 


Ely, ... 73 Worcester, 


. 78 


Winchester, 86 


Canterbury, 74 







The author just quoted, in reference to the tables 
here given, says of them, that 'Hhe parallel will 
afford us, at one view, authentic information con- 
cerning the proportion of one constituent part to 
another of every cathedral in England which is wor- 
thy the notice of an architect. Such," he continues, 
^ a coincidence of dimensions as that which is found 
in many of them can scarcely be supposed to be the 
effect of chance, especially where the buildings are 
contemporary, and of an exactly correspondent style." 
It appears that the equality of proportions is con- 
fined to each era and style of ecclesiastical architect- 
ure in so remarkable a degree as to lead us to con- 
jecture that they might have been designed by the 
same architect *^ The constant rivalry," says Dalla- 
way, '^ which subsisted between the magnificent prel- 
ates, was excited upon the erection of any part of a 



cathedral of superior beauty, and imitated in those 
of the same kind which were then undertaken ; and 
the architect who had once displayed great talents 
was invited to repeat the more perfect performance 
upon which he had rested his professional fame." 
We have not considered it necessary to devote a 
special portion of our work to the conventual archi- 
tecture of England, because it followed the style of 
the time. It was of great splendor. The ground 
plans of their habitable portions were usually, though 
not always, quadrangular, and in the later ages par- 
took of the improvements in domestic architecturei 
as in the colleges built by Wykham and Waynflete, 
and many of the episcopal residences. Glastonbury 
and Reading presented exceedingly fine examples of 
it ; the former comprised within its walls sixty acres 
of ground. 

We have thus given, although very briefly, an ac- 
count of the rise and progress of a species of archi- 
tecture which is in itself a wonder, and which has set 
up an eternal defiance to him who would speak light- 
ly of the deep conception it develops, or the wonder- 
ful fertility of the inventive genius it demonstrates. 
It was the production of a peculiar age, and, true to 
its time, it mirrors in every case a transcript of the 
mind of him who conceived it. The low roof of the 
Indian Temple of Elephanta, or the Egyptian Philse 
or Edfu, were lofty enough for their deities. The 
Parthenon and the Erectheum of classic Greece were 
sufficiently spacious and significant of the gods they 
worshipped ; but to the mind of the Christian, whose 
vision extended beyond the confines of temples that 
were made with hands, the most gorgeous temple of 
Grecian story, although composed of the purest mar- 
ble and of the most classic design, was but mean and 
grovelling. Their religion was of a loftier nature, 
and their aspirations qould only be satisfied when, 
with awful sublimity, they saw the spire of Salisbury 
towering in majestic significance for four hundred 
feet in the air. In that huge pile, awful yet majestic, 
they recognized a divinity, the colossal grandeur of 
which awakened and perpetuated in their bosoms 
emotions of adoration and praise. Beneath the sky 
of ancient Rome stands one of the seven wonders of 
the world ; and, beneath that of London, the glory of 
Roman architecture on the soil of Old England. But 
in constructing the Cathedral Churches of St Peter's 
and St. Paul's, the conception of Raphael, and An- 
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geloy and Wren were trammelled by the rules and 
proportions of an order, and a Roman sternness 
characterizes each pile. In these is seen, it is true, 
the great victory that science and skill have won over 
disorder and ignorance, but in Gloucester and Win- 
chester the very essence of art and ideality. The 
perfect columniations and nicely-arranged entabla- 
tures of the former speak to us, it is true, with a bold- 
ness that well becomes the Roman ; but the flowing 
tracery and lofty arches of the latter breathe an air 
of poetry : while the great domes of the one fill the 
mind with majesty and awe, the towering spires of 
the others address their solemn eloquence to the soul. 
We wotdd not underrate the talent which produced 
the great realities we place in contrast ; we give them 
the glory which a matured science and a ripe skill 
have hung around them ; but we claim for the others 
that each conception is distinctly identified with the 
time which gave it birth, and that they were the out- 
gushings of souls who were striving to gain the mas- 
tery over darkness and degradation, and whose lof- 
tiest aspirations were the establishment and perpetuity 
of a reformed religion ; that they are the mementoes 
of a genius and invention which were lent to a peo- 
pie who had been appointed to assist at an important 
era in a reform which is to ultimately rid the race of 
their vices and transgressions. It is to be acknowl- 
edged that the means made use of by the clergy were 
often censurable, and at variance with the principles 
of the religion they would inculcate ; but, notwith- 
standing all this, behind the definite and sharp 
scientific outlines with which the reason and expe- 
rience of six centuries have bounded the dominion 
of religious duty, we see standing out from it all a 
determination and an accomplishment; an intense 
desire, amounting in itself to a demand, for a deeper 



reverence for the principles of religion, as they under- 
stood them, and now, after six centuries have elapsed, 
the crowded aisles of a hundred cathedrals speak out 
their triumph and success, and the walls which en- 
close them are but votive monuments of the immen- 
sity of their wonderful genius.-— Editors. 

Plates 98, 99, lOO, lOt, 

On these plates we have given examples of Gothic 
architecture, with their details. These plates are 
transcripts of the examples they are designed to rep- 
resent, and are taken from Pugin's Gothic Architect- 
ure, with the figures and scale annexed. They are 
not inserted as illustrations of either of the styles we 
have described, neither do we give them as elements 
of those styles, for did we attempt to illustrate each 
style in a manner that would do justice to the stu- 
dent, some twelve plates, at least, would be required 
to give him even a limited knowledge of the arches, 
doors, windows, and columns belonging to each style; 
and to continue the illustration by examples of roofs, 
ceilings, mouldings, &c., &c., all of which would be 
demanded, twice that number would be required in 
addition; and as it was not the original design of the 
work to treat upon this part of the science, we have 
contented ourselves with giving our patrons a descrip- 
tion of the principal elements which compose it, and 
would refer them, in addition to the works we have 
named, to Rickman's Grothic Architecture, and also 
to the publications of Britton and Pugin. 

The four plates alluded to contain so great a va- 
riety of usefrd and practical information for the coun- 
try artisan, or to those who do not have access to the 
works to which we refer them, (and for those our 
whole work is principally designed,) that we have been 
induced to place them in our edition. — Editors. 
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AXdzieh tells tu that, in cbooaing b aitaation for building, iti vicin- 
itf to pnblic ediflcet Bhonld be principally attended to ; that is, we 
■hoold boild as near as convenient to the place where the business 
of the owner chiefly calls him. *' Eyery one would wish to be near 
a churoh," (or. perh^w, should wish to be so,) '* but especially a 
priest \ the lawyer near the haU of justice ; the merchant near the 
exchange ; the trader in the principal street ; and every other citi- 
aen, in the same manner, would choose his dwelling according to his 
oeeupation-^ not far from the river, if any flow near the city ; at a 
jVtyi»<»a from a tallow chandler, a brewer, a soap boiler, or any other 
business attended with an unsavory smell ; far from the noise of the 
anvil, the hammer, and the saw ; and, above all, (as Cato says,) at a 
difltanee from bad neighbors. In short, that spot is most eligible in 
whioh yon can construct a regular housa ; that isi one with right 
anglM — * where room, leisure, and cleanliness may be obtainedt and 
yon may procure to your house the advantages of a rural situation. 
If all the above conveniences cannot be met w^th, (and it is very 
•ddom, if desired, that they can be,) it is prudent to aim at suoh as 
nay be dsrirable and are attainable. 



Under this general term, which implies the con- 
Btmction of an edifice, according to the roles laid 
down by the different artificers employed, we purpose 
to ireat of the respective business of the mason, brick- 
layer, jdasterer, slater, plumber, painter, and glazier ; 
preyions to which it will be necessary to consider the 
sinking of the foundation, the due mixture of the in- 
gredients which compose the mortar, and the art of 
making bricks, upon the whole of which materially 
depends the stability of an edifice. 

As firmness of foundation is indispensable, wher- 
ever it is intended to erect a building, the earth must 
be pierced by an iron bar, or stuck with a rammer, 
and, if found to shake, must be bored with a well- 
sinker's implement, in order to ascertain whether the 
shake be local or general K the soil is in general 
good, the loose and soft parts, if not very deep, must 
be excavated until the laborers arrive at a solid bed 
capable of sustaining the pier or piers to be built. 
If not very loose, it may be made good by ramming 
into it very large stones, packed close together, smd 
of a breadth proportionate to the intended weight 
of the building ; but where very bad, it must be piled 
and planked. 

In places where the soil is loose to any great depth, 
and over which it is intended to place apertures, such 
as doors, windows, &c., while the parts on which the 



piers are to stand are firm, the best plan is to turn an 
inverted arch under each intended aperture, as then 
the piers, in sinking, will carry with them the inverted 
arch, and, by compressing the ground, compel it to 
act against the under sides of the arch, which, if 
closely jointed, so far firom yielding, will, with the 
abutting piers, operate as one solid body; but, on 
the contrary, if this expedient of the inverted arch is 
not adopted, the part of the wall under the aperture, 
being of less height, and, consequently, of less weight 
than the piers, will give way to the resistance of the 
soil acting on its base, and not only injure the brick 
work between the apertures, but firacture the window 
heads and sills. 

In constructing so essential a part as the arch, 
great attention must be paid to its curvature, and 
we strongly recommend the parabolic curve to be 
adopted, as the most effectual for the purpose ; but 
if^ in consequence of its depth, this cannot conven- 
iently be introduced, the arch should never be made 
less than a semicircle. The bed of the piers should 
be as uniform as possible ; for though the bottom of 
the trench be very firm, it will, in some degree, yield 
to the great weight that is upon it, and if the soil be 
softer in one part than in another, that part which is 
the softest will, of course, yield more to the pressure, 
and cause a firacture* 

If the solid parts of the trench happen to be under 
the intended apertures, and the softer parts where 
piers are wanted, the reverse of the above practice 
must be resorted to ; that is, the piers must be built 
on the firm parts, and have an arch that is not in- 
verted between them. In performing this, attention 
must be paid to ascertain whether the pier will cover 
the arch ; for if the middle of the pier rest over the 
middle of the summit of the arch, the narrower the 
pier is the greater should be the curvature of the arch 
at its apex. When suspended arches are used, the 
intrados ought to be kept clear of the ground, that 
the arch may have its due effect. 

When the ground is in such a state as to require 
the foundation merely to be rammed, the stones are 
hammer dressed, so as to be of as little taper as possi- 
ble, then laid of a breadth proportioned to the weight 
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that is to be rested upon them, and afterwards well 
rammed together. In general, the lower bed of 
stones may be allowed to project about a foot from 
the face of the wall on each side, and on this bed 
another course may be laid, to bring the bed of 
stones on a level with the top of the trench. The 
breadth of this upper bed of stones should be four 
inches less than the lower one; that is, projecting 
about eight inches on either side of the wall. In all 
kinds of walling, each joint of every course must 
fall as nearly as possible in the centre, between two 
joints of the course immediately below it ; for, in all 
the various methods of laying stones or bricks, the 
principal aim is to procure the greatest lap on each 
other. 



MORTAR. 

In making mortar, particular attention must be 
paid to the quality of the sancf, and if it contain 
any proportion of clay or mud, or is brought from 
the sea-shore, and contains saline particles, it must 
be washed in a stream of clear water till it be di- 
vested of its impurities. The necessity of the first 
has been clearly proved by Mr. Smeaton, who, in the 
course of a long and meritorious attention to his 
profession as an engineer, has found that when mor- 
tar, though otherwise of the best quality, is mixed 
with a small proportion of unburnt clay, it never 
acquires that hardness which, without it, it would 
have attained ; and, with respect to the second, it is 
evident that, so long as the sand contains any saline 
particles, it cannot become hard and dry. The 
sharper and coarser the sand is, the better for the 
mortar, and the less the quantity of lime to be used ; 
and sand being the cheapest of the ingredients which 
compose the mortar, it is more profitable to the 
maker. The exact proportions of lime and sand are 
still undetermined ; but in general, no more lime is 
required than is just sufficient to surround the parti- 
' cles of the sand, or sufficient to preserve the neces- 
sary degree of plasticity. 

Mortar, in which sand forms the greater portion, 
requires less water in its preparation, and, conse- 
quently, is sooner set. It is also harder and less lia- 
ble to shrink in drying, because the lime, while dry- 
ing, has a greater tendency to shrink than sand, 
which retains its original magnitude* The general 



proportions given by the London builders is 1^ cfwl, 
or 37 bushels of lune, to 2^ loads of sand ; but, if 
proper measures be taken to procure the best burnt 
lime and the best sand, and in tempering the mate- 
rials, a greater portion of sand may be used- There 
is scarcely any mortar that has the lime well cal- 
cined, and the composition well beaten, but that will 
be found to require two parts of sand to one part of 
unslaked lime ; and it is worthy of observation, that 
the more the mortar is beaten, the less proportion of 
lime suffices. 

Many experiments have been made, with a view 
to obtain the most usefrd proportion of the ingre- 
dients, and, among the rest, Dr. Higgins has given 
the following: '' Lime, newly slaked, one part; fine 
sand, three parts ; and coarse sand, four parts." 

He also found that one fourth of the lime of bone 
ashes greatly improved the mortar, by giving it 
tenacity and rendering it less liable to crack in the 
drying. 

It is best to slake the lime in small quantities as 
required for use, about a bushel at a time, in order to 
secure to the mortar such of its qualities as would 
evaporate were it allowed to remain slaked for a 
length of time. But if the mortar be slaked for 
any considerable time previous to being used, it 
should be kept covered up, and, when wanted, should 
be rebeaten. K care be taken to secure it from the 
action of the atmosphere, it may thus remain covered 
up for a considerable period, without its strength be- 
ing in the least affected ; and, indeed, some advan- 
tages are gained, for it sets sooner, is less liable to 
crack in the drying, and is harder when dry. 

Grouty which is a cement containing a larger pro- 
portion of water than the common mortar, is used to 
run into the narrow interstices and irregular courses 
of rubble-stone walls ; and as it is required to con- 
crete in the course of a day, it is composed of mor- 
tar that has been a long time made and thoroughly 
beaten. 

Mortar, composed of pure lime, sand and water, 
may be employed in the linings of reservoirs and 
aqueducts, provided a sufficient time is allowed for it 
to dry before the water is let in ; but if a sufficient 
time is not allowed, and the water is admitted while 
the mortar is wet, it will soon fall to pieces. There 
are, however, certain ingredients which may be put 
into the common mortar to make it set immediately 
under the water; or, if the quicklime composing the 
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mortar contains in itself a certain portion of burnt 
day, it will possess this property. For farther in- 
formation on this head, the reader is referred to the 
sub-head — PlaHering, 



MASONRY. 

Masonry is the art of cutting stones, and building 
them into a mass, so as to form the regular sur- 
feuses which are required in the construction of an 
edifice. 

The chief business of the mason is to prepare the 
stones, make the mortar, raise the wall with neces- 
sary breaks, projections, arches, apertures, &c*, as in- 
dicated by the design. 

A wall built of unhewn stone, whether it be built 
with mortar or otherwise, is called a rubble waU, 
Bubble work is of two kinds, coursed and uncoursed. 
In coursed rubble, the stones are gauged and dressed 
by the hammer, and thrown into different heaps, each 
heap containing stones of equal thickness ; and the 
masonry, which may be of different thicknesses, is 
laid in horizontal courses. In uncoursed rubble, the 
stones are placed promiscuously in the wall, with- 
out any attention being paid to arrange them in 
courses ; and the only preparation the stones under- 
go is that of knocking off the sharp angles with the 
thick end of a tool caUed a scabling hammer. Walls 
axe often built with an ashlar facing of fine stone, 
averaging about four or five inches in thickness, and 
backed with rubble work or brick. . 

Walls backed with brick or uncoursed rubble are 
liable to become convex on the outside, firom the 
great number of joints, and the difficulty of placing 
flie mortar, which shrinks in proportion to the quan- 
tity, in equal portions, in each joint ; consequently, 
walls of this description are much inferior to those 
where the facing and backing are built of the same 
material, and with equal care, even though both of 
fhe sides be uncoursed. When the outside of a wall 
is fietced with ashlar, and the inside is coursed rubble, 
the courses of the backing should be as high as pos- 
sible, and set within beds of mortar. Coursed rub- 
ble and brick backings are favorable for the insertion 
of bond timber; but in good masonry, wooden 
bonds should never be in continued lengths, as, in 
case of either fire or rot, the wood will perish, and 



the masonry will, by being reduced, be liable to bend 
at the place where the bond was inserted. 

When timber is to be inserted into walls for Hie 
purposes of fastening buttons for plastering or skirt- 
ing, &C., the pieces of timber ought to be so disposed 
that the ends of the pieces be in a line with the w^alL 

In a wall faced with ashlar, the stones are gen- 
erally about 2 feet or 2^ feet in length, 12 inches in 
height, and 8 inches in thickness. It is a very good 
plan to incline the back of each stone, to make all 
the backs thus inclined run in the same direction, 
which gives a small degree of lap in the setting of 
the next course ; whereas, if the backs are parallel to 
the front, there can be no lap where the stones run 
of an equal depth in the thickness of the wall. It is 
also advantageous to the stability of the wall to se- 
lect the stones, so that a thicker and a thinner one 
may succeed each other alternately. In each course 
of ashlar facing, either with rubble masonry or brick 
backing, thorough stones should occasionally be in- 
troduced, and their number be in proportion to the 
length of the course. In every succeeding course, 
the thorough stones should be placed in the middle 
of every two thorough stones in the course below ; 
and this disposition of bonds should be punctually 
attended to in all cases where the courses are of any 
great length. Some masons, in order to prove that 
they have introduced sufficient bonds into their work, 
choose thorough stones of a greater length than the 
thickness of the wall, and afterwards cut off the ends ; 
but this is far from an eligible plan, as the wall is not 
only subject to be shaken, but the stone is itself apt 
to split. In every pier, between windows and other 
apertures, every alternate jamb stone ought to go 
through the wall with its bed perfectly level. When 
the jamb stones are of one entire height, as is fre- 
quently the case when architraves are wrought upon 
them, upon the lintel crowning them, and upon the 
stones at the ends of the courses of the pier which 
are adjacent to the architrave jamb, every alternate 
stone ought to be a thorough stone : and if the piers 
between the apertures be very narrow, no other bond 
stone is required ; but where the piers are wide, the 
number of bond stones are proportioned to the space. 
Bond stones must be particularly attended to in all 
long courses below and above windows. 

Iron clamps are now used in all cases where it is 
practicable, instead of thorough stones. The shrink- 
ing of the mortar in the backing is very apt to start 
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the thorough stone from its trae position, which either 
fractures it, or causes the wall to bolge, and open the 
seams on the outside. This inconvenience is obvi- 
ated by the use of clamps. 

All vertical joints, after receding about an inch 
with a close joint, should widen gradually to the 
back, thereby forming hollow spaces of a wedge-like 
figure for the reception of mortar, rubble, &c. The 
adjoining stones should have their beds and vertical 
joints filled from the face about three quarters of an 
inch inwards, with oil putty, and the rest of the beds 
must be filled with well-tempered mortar. Putty 
cement will stand longer than most stones, and wiU 
even remain permanent when the stone itself is mu- 
tilated. All walls cemented with oil putty, at first 
look unsightly ; but this disagreeable effect ceases in 
a year or less, when, if care has been taken to make 
the color of the putty suitable to that of the stone, 
the joints will hardly be perceptible. 

In selecting ashlar, the mason should take care that 
each stone invariably lays on its natural bed, as, from 
carelessness in this particular, the stones frequently 
flush at the joints, and sooner admit the corrosive 
power of the atmosphere to take effect. 

It ought also to be observed, that, in building walls 
or insulated pillars of small horizontal dimensions, 
every stone should have its bed perfectly level, and 
be without any concavity in the middle ; because, if 
the beds are concave, the joints will most probably 
flush when the pillars begin to sustain the weight of 
the building. Care should also be taken that every 
course of masonry in such piers be of one stone. 

Having thus given to the practical mason an out- 
line of the subject of walling, we will proceed to the 
consideration of the more difficult branches of the 
art — that of constructing arches and vaults. 

DEFINITIONS. 

An archj in masonry, is that part of a building 
which is suspended over a given plane, supported 
only at its extremities, and concave towards the plane. 
1 The upper surface of an arch is called the extrados ; 
and the under surface, or that which is opposite the 
plane, the irUrados. 

The supports of an arch are caUed the spring walk. 

The springing lines are those common to the sup- 
ports and the intrados, or the line which forms the 
intersection of the arch with the surface of the wall 

which supports it. 

19 



The chord or span is a line extending firom one 
springing line to the opposite one. 

Section of the hollow of the arch is a vertical plane, 
supposed to be contained by the span and the in- 
trados. 

The height or rise of the arch is a line drawn at 
right angles from the middle of the chord, or span- 
ning line, to the intrados. 

The crown of the arch is that part which the ex- 
tremity of the perpendicular touches. 

The ha/unches or flanks of the arch are those parts 
of the curve between the crown and thi springing line. 

When the base of the section, or spanning line, is 
parallel to the horizon, the section will consist of two 
equal and similar parts, so that, when one is applied 
to the other, they will be found to coincide. 

Arches are variously named, according to the fig- 
ure of the section of a solid that would fill the void, 
as circular, elliptical, cycloidal, catenarian, parabolical^ 
&c. There are also pointed, composite, and lancet or 
Grothic arches. 

A rampant arch is when the springing lines are of 
two unequal heights. 

When the intrados and extrados of an arch are 
parallel, it is said to be extradossed. 

There are, however, other terms much used by ma- 
sons : for example, the semicircular are called perfect 
arches; and those less than a semicircle, imperfect^ 
surlmsed, or diminished arches. 

Arches are called stilted when they are higher than 
a semicircle. 

A vault is an arch used in the interior of a build- 
ing, overtopping an area of a given boundary, as a 
passage, or an apartment, and supported by one or 
more walls, or pillars, placed without the boundary 
of that areai 

Hence an arch in a wall is seldom or never called 
a vault ; and every vault may be called an arch, but 
every ai'ch cannot be termed a vault 

A groin vauU is a complex vault, formed by the 
intersection of two solids, whose surfaces coincide 
with the intrados of the arches, and are not confined 
to the same heights. An arch is said to stand upon 
splayed jambs when the springing lines are not at 
right angles to the face of the wall. 

In the art of constructing arches and vaults, it is 
necessary to build them in a mould, until the whole 
is closed ; the mould used for this purpose is caUed 
a centre. 
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The intrados of a simple Tanlt is generally formed 
of a portion of a cylinder, cylindroid, sphere, or sphe- 
roid ; that is, never greater than the half of the solid ; 
and the springing lines which terminate the walls, 
or when the vault begins to rise, are generally straight 
lines, parallel to the axis of the cylinder or cylindroid. 

A circolar wall is generally terminated with a 
spherical vault, which is either hemispherical, or a 
portion of a sphere less than a hemisphere. 

Every vault which has a horizontal, straight axis 
is called a $traight va/ult; and, in addition to what 
we have already said, the concavities which two sol- 
ids form at an angle receive likewise the name of 
a/rch. 

An aich, when a cylinder pierces another of a 
greater diameter, is called ciflindrtheplindric. The 
term cylindro is applied to the cylinder of the greatest 
diameter, and the term cylindric to the less. 

If a cylinder intersect a sphere of greater diameter 
than the <^linder, the arch is called a sphertxylindric 
arch ; but, on the other hand, if a sphere pierce a 
cylinder of greater diameter than the sphere, the 
arch is called a cylindro-spheric arch. 

If a cylinder pierce a cone, so as to make a com- 
plete perforation through the cone, two complete 
arches will be formed, called cano'Cylindric arches; 
but, on ihe contrary, if a cone pierce a cylinder so 
that the concavity made by the cone is a conic sur- 
face, the arch is called a cyUndro^camc arch. 

If , in a straight wall, there be a cylindric aperture 
continuing quite through it, two arches will be formed, 
eeJled plancH^lindric arches. 

Every description of arch is, in a similar manner 
to the above, denoted by the two preceding words—* 
the former ending in o, signifying the principal vault, 
or surface cut through ; and the latter in ic, signify- 
ing the description of the aperture which pierces or 
intersects the wall or vault 

When groins are introduced merely for use, they 
may be built either of brick or stone ; but, when in- 
troduced by way of proportion or decoration, their 
beauty will depend on the generating figures of the 
sides, the regularity of the surface, and the actiteness 
of the angles, which should not be obtruded. In the 
best buildings, when durability and elegance are 
equally required, they may be constructed of wrought 
stone ; and, when elegance is wanted, at a trifling 
expense, of plaster, supported by timber ribs. 

In stonecutting, a narrow surface formed by a | 



point or chisel on the surface of a stone, so as to 
coincide with a straight edge, is called a draug^hL 

FORMATION OF 6T0NB ARCHES. 

The formation of stone arches has always been 
considered a most useful and important acquisition 
to the operative mason ; in order, therefore, to remove 
any difficulties which might arise in the construction 
of arches of different descriptions, both in straight 
and circular walls, we shall here introduce a few ex- 
amples, which, it is hoped, with careful examination, 
will greatly facilitate a knowledge of some of the 
most abstruse parts of the art 

Plate les. 

To find the moulds necessary for the construc- 
tion of a semicircular arch, cutting a straight 
wall obliquely. 

Fig. 1, No. 1. Let A B C D E F G H be the plan 
of the arch ; I K L M the outer line ; and N O P Q 
the inner line on the elevation. 

a b c d e^on the elevation, shows the bevel of each 
joint or bed from the face of the wall ; and a b c d Cy 
below, gives the mould for the same, where zy on 
the elevation corresponds with xy 3,t a. 

The ajfch mould, No. 2, is applied on the face of 
the stone, and, on being applied to the parts of the 
plan, gives, of course, the bevel of each concave side 
of the stone with the face-— that is, K to O, on the 
elevation. 

To find the mould for constructing a semicir- 
cular arch in a circular wall. 

Fig. 2, No.l, is the elevation of the arch, and No. 2 
the plan of the bottom bed firom ^ to r. 

a to 6 is what the arch gains on the circle firom the 
bottom bed k o to I; and c to dis the projection of 
the intrados to p, on the point 2, p. 

Nos. 2, 3, and 4 are plans of the three arch stones, 
1, 2, 3, in the elevation ; and Nos. 5 and 6 are moulds 
to be applied to the beds of stones 1 and 2, in which 
8' c equals 5 c in No. 2, and t w equals tw in No. 3. 

In No. 1, k Ip o is the arch or face mould. 

When the reader is thoroughly proficient in the 
construction of arches under given data, as the cir- 
cumstances of the case may point out, he may pro- 
ceed to investigate the principles of spherical domes 
and groins. 
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8 and 4 show tiie principles of developing 
tlie soffits of the arches in the two preceding exam- 
ples. In each the letters of reference are alike, and 
tlie operation is precisely the same. 

Let A B D E be the plan of the opening in the 
^^rall, and A F B the elevation of the arch ; produce 
the chord A B to C, divide the semicircle A F B into 
a.ny number of parts, the more the better, and with 
the compasses set to any one of these divisions, ran 
it as many times along A C as the semicircle is 
divided into ; then draw lines, perpendicular to B C, 
through every division in the semicircle and the line 
C A, and set the distance 1 6, 2 (i, 3 /, &c., respec- 
tively equal to ab c d ef, &c, and then, by tracing a 
curve through these points and finding the points in 
the line G D, in the same manner, the soffit of the 
arch is complete. 

Fig. 5 shows the method of constructing spherical 
domes. 

No. 1 mould is appUed on the spherical surface to 
the vertical joints, and No. 2 mould on the same 
surface to the other joints, and, in both cases, the 
mould tends to the centre of the dome. 

3, 4, 5, 6, 7, and 8 are moulds which apply on the 
convex surface to the horizontal joint, the lines a b, 
c d, e f^ &c., being at right angles to the different 
radii, b Cy d c^fc, &c., and produced until they inter- 
sect the perpendicular ac; the different intersections 
are the centres which give the circular leg of the 
mould, and the straight part gives the horizontal 
joint 

Fig. 6 exhibits the plan of a groined vault 

Lay down the arch, either at the full or half size, 
on a floor or piece of floorcloth, then divide and draw 
on the plan the number of joints in the semicircular 
arch, and from the intersections with the diagonals 
draw the transverse joints on the plan, and produce 
them till they touch the intrados of the elliptical arch, 
the curve of which may be found by setting the cor- 
responding distances from the line of the base to the 
curve ; thus a b equal to a b. This being accom- 
plished, draw the joints of the elliptical arch in the 
manner of which we give c d sls s. specimen. To 
dmw the joint c d^ draw chord e c and bisect it, draw 
a line from the centre c through the bisecting point, 
and produce it till it touches the perpendicular ef; 
and c d, being at right angles to c/, will be the joint 
required. In the same manner the others are found. 

By examination, it will be seen that a rectangle 



circimiscribing the mould 3, 3, gives the size of the 
stone in its square state, and that, if each stone in 
both arches be thus enclosed, the dimensions for 
each will be found, as also the position in which the 
moulds must be placed. The dark lines give the 
different bevels, which must be carefully prepared 
and applied to the stones in the manner represented 
in the figure. 

To draw the joints of the stones for an elliptical 

arch in a wall, &c. 

Fig. 7. The curve is here described by the inter- 
section of lines, which certainly gives the most easy 
and pleasing curve, as segments of circles apply only 
under certain data, or in the proportion which the 
axis major has to the axis minor, while the intersec- 
tion of lines apply to any description of ellipses. 
Find the foci F. In an ellipsis, the distance of either 
focus from one extremity of the axis minor is equal 
to the semi-axis major ; that is, D F is equal to c C. 
Then, to find any joint, a 6, draw lines from both foci 
through the point 6, as F e,fdy and bisect the angle 
rf ft e by the line a 6, which is the joint required. 



BRICKLAYING. 

In building upon an inclined plane, or rising ground, 
the foundation must be made to rise in a series of 
level steps, according to the general rise of the ground, 
to insure a firm bed for the courses, and prevent them 
from sliding ; for if this mode were not adopted, the 
moisture in the foundations, in wet weather, will in- 
duce the inclined parts to descend, to the manifest 
danger of fracturing the walls and destroying the 
building. 

In walling, in dry weather, when the work is re- 
quired to be firm, the best mortar must be used, and 
the bricks must be wetted or dipped in water as they 
are laid, to cause them to adhere to the mortar, which 
they would not do if laid dry ; for the dry, sandy na- 
ture of the brick absorbs the moisture of the mortar, 
and prevents adhesion. 

In carrying up the wall, not more than four or five 
feet of any part should be built at a time ; for, as 
all walls shrink immediately after building, the part 
which is first carried up will settle before the adja^ 
cent part is carried up to it, and, consequently, the 
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■hrinkiiig of the latter will canse the two parts to 
separate ; therefore, no part of a wall should be car- 
ried higher than one scaffoldi without having its 
contingent parts added to it In carrying up any 
particular part, the ends should be regularly sloped 
off, to receive the bond of the adjoining parts on the 
right and left. 

There are two kinds of bond in brick work, which 
differ materially from each other. Bricks laid length- 
wise in the direction of the wall are called stretchers^ 
and those laid in an opposite way, crossing the direc- 
tion of the wall, are called headers. The old English 
bond is a continuation of one kind throughout in the 
same course or horizontal layer, and consists of alter- 
nate layers of headers and stretchers — the headers 
serving to bind the wall together in a longitudinal 
direction, or lengthwise, the stretchers to prevent 
the wall splitting crosswise, or in a transverse direc- 
tion. Of these two evils, the former is by much the 
worst kind, and is, therefore, the most dreaded by the 
bricklayer. The brick work of the Romans was of 
this kind of bond. 

The other description of bond, called Flemish bondj 
consists in placing a header cuid a stretcher alternately 
in the same course. The latter is deemed the neat- 
est and most elegant; but, in the execution, is at- 
tended with great inconvenience, and, in most cases, 
does not unite the parts of a wall with the same de- 
gree of firmness as the English bond. In general, it 
may be observed, that whatever advantages are gained 
by the English bond in tying a wall together in its 
thickness, are lost in the longitudinal bond, and vice 
versa. To remove this inconvenience in thick walls, 
some builders place the bricks in a cone at an angle 
of forty-five degrees, parallel to each other, through- 
out the length of every course, but reversed in the 
alternate courses ; so that the bricks cross each other 
at right angles. But even here, though the bricks in 
the cone have sufficient bond, the sides are very 
imperfectly tied, on account of the triangular in- 
terstices formed by the oblique direction of the in- 
ternal bricks against the flat edges of those in the 
outside. 

Concerning the English bond, it may be observed, 
that, as the longitudinal extent of a brick is nine 
inches and its breadth four and a half, to prevent two 
vertical joints from running over each other at the 
end of the stretcher from the comer, it is usual, after 



placing the return comer stretcher, which occupies 
half the length of this stretcher, and becomes a header 
in the face, as the stretcher is below, to place a quar- 
ter brick on the side, so that the two together extend 
six inches and three quarters, being a lap of t^o 
inches and a half for the next header. The bat in- 
troduced is called a closer. A similar effect may be 
obtained by introducing a three-quarter bat at the 
comer of the stretching course, so that the comer 
header being laid over it, a lap of two inches and 
a quarter will be left at the end of the stretch- 
ers below, for the next header, which, being laid on 
the joint below the stretchers, will coincide with its 
middle. 

In the winter, it is very essential to keep the un- 
finished wall from the alternate effects of rain and 
frost ; for, if it is exposed, the rain will penetrate into 
the bricks and mortar, and, by being converted into 
ice, expand, and burst or crumble the materials in 
which it is contained. 

The decay of buildings, so commonly attributed 
to the effect of time, is, in fact, attributable to this 
source ; but as finished edifices have only a vertical 
surface, the action and counteraction of the rain 
and frost extend not so rapidly as in an unfinished 
wall, where the horizontal surface permits the rain 
and frost to have easy access into the body of the 
work. Great care, therefore, must be taken, as soon 
as the frost or stormy weather sets in, to cover the 
unfinished walls either with straw, which is the most 
common, or weather boarding. 

When weather boarding is employed, it is advi- 
sable to have a good layer of straw between the 
work and the boarding, and to place the boarding in 
the form of stone coping, to throw the water off 
equally on both sides. 

A number of very pleasing cornices and other 
ornaments may be formed in brickwork, by the mere 
disposition of the bricks, without cutting; and if 
cut, a simple chamfer will be sufficient A great de- 
fect, however, is very often observable in these orna- 
ments, particularly in the bulging of arches over 
windows, which arises from mere carelessness in 
rubbing the bricks too much on the inside ; whereas, 
if due care were taken to rub them exetct to the 
gauge, their geometrical bearings being united, they 
would all tend to one centre, and produce a well- 
proportioned and pleasing effect 
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PLASTERING. 

The plasterer is a workman to whom the decora- 
tive part of architecture owes a considerable portion 
of its effect, and whose art is requisite in every kind 
of building. 

The tools of the plasterer consist of a spade or 
shovel of the usual description ; a rake^ with two or 
three prongs bent downwards from the line of the 
handle, for mixing the hair and mortar together; 
trowels of various kinds and sizes; stopping and 
picking-out tools; rules called straight edges; and 
wood models. 

The trowels used by plasterers are more neatly 
made than tools of the same name used by other 
artificers. The laying and smoothing tool consists of 
a flat piece of hardened iron, about ten inches in 
length, and two inches and a half wide, very thin, 
and ground to a semicircular shape at one end, but 
left square at the other ; and at the back of the plate, 
near the square end, is riveted a small iron rod with 
two legs, one of which is fixed to the plate, and the 
other to a round, wooden handle. With this tool all 
the first coats of plaster are laid on, as is also the 
last, or, as it is technically termed, the setting. The 
other kinds of trowels are made of three or four 
sizes, for gauging the fine stuff and plaster used in 
forming cornices, mouldings, &c. The longest size 
of these is about seven inches on the plate, which is 
of poUshed steel, about two inches and three quar- 
ters broad at the heel, diverging gradually from a 
point To the heel or broad end a handle is adapted. 

The stopping a/nd picking-out tools are made of 
polished steel, of different sizes, though most gener- 
ally about seven or eight inches in length, and half 
an inch in breadth, flattened at both ends, and ground 
somewhat round. These tools are used in modelling 
and finishing mitres and returns to cornices ; as, like- 
wise, in filling up, and perfecting the ornaments at 
the jommgs. 

The straight edges are for keeping the work in an 
even or perpendicular line ; and the models or moulds 
are for running plain mouldings, cornices, &c. : of 
these latter, the plasterers require a greater number, 
as very little of his finishing can be done without 
them. 

Experienced workmen keep their tools very clean, 
cmd have them daily polished. 

Plasterers have technical divisions of their work, 



by which its quality is designated and value ascer- 
tained; as, lathing; laying; pricking up; lathing, 
laying, and set ; lathing, floating, and set ; screed, set, 
or putty ; rendering and set ; or rendering, floated, 
and set ; trowelled stucco, &c. ; each of which, here- 
after, we shall very minutely explain. 

In all the operations of plastering, lime exten- 
sively abounds ; we shall, therefore, first offer some 
observations on the properties of this important 
article. 

All who have written on the subject of lime, as a 
cement, have endeavored to ascertain what is the due 
proportion of sand for making the most perfect cem- 
ent ; but, with a little attention, it is evident that 
all prescribed rules must be so very vague and un- 
certain, as to be of little utility to the workman ; for, 
besides the variation which is occasioned by a more 
or less degree of calcination, it is a certain fact, that 
some kinds of limestone are much more pure, and 
contain a much smaller proportion of sand, than 
others ; consequently, it would be absurd to say that 
pure lime requires as small a proportion of sand, 
when made into mortar, as that which originally 
contained in itself a large proportion. 

The variation thus produced, in regard to the pro- 
portion of sand, is found to be extremely great It 
is,' however, stated that the best mortar which has 
come under examination was formed of eleven parts 
of sand to one of lime ; to which was added, by 
measure, between twice and thrice its own bulk of 
sand, which may be allowed to have been at least 
three times its quantity by weight Supposing, 
therefore, that every particle of the lime had been so 
perfectly calcined as to be in a caustic state, there 
could not be less than forty-seven parts of sand to 
one of lime ; but it is hard to suppose that above 
one hundredth part of this mass, independent of the 
water, consisted of pure caustic calcareous earth. 

From these considerations, it is conceived that it 
is impossible to prescribe any determinate proportion 
of sand to lime, as that must vary according to the 
nature of the lime and other incidental circum- 
stances, which would form an infinity of exceptions 
to any general rule. But it would seem that it 
might be safely inferred that the modems, in general, 
rather err in giving too little, than in giving too much, 
sand. It deserves, however, to be noticed, that the 
sand, when naturally in the limestone, is more inti- 
mately blended with the lime than can possibly be 



160 



BUILDING. 



0fer effected by any mechanical operation ; 80 that it 
would be in vain to hope to make equally good mor- 
tar artificially from pure lime, with so small a pro- 
portion of caustic calcareous matter, as may some- 
times be effected, when the lime naturally contains a 
▼ery large proportion of sand Still, however, there 
seems to be no doubt, that if a much larger propor- 
tion of sand than is common were employed, and 
that more carefully and expeditiously blended and 
worked, the mortar would be made much more per- 
fect, as has been proved by actual experiments. 

Another circumstance, which greatly tends to vary 
the quality of cement and to make a greater or 
smaller proportion of sand necessary, is the mode of 
preparing the lime before it is beaten up into mortar. 
When for plaster, it is of great importance to have 
every particle of the limestone slaked before it is 
worked up ; for, as smoothness of surface is the most 
material point, if any particles of lime be beaten up 
before sufficiently slaked, the water still continuing 
to act on them, will cause them to expand, which 
will produce those excrescences on the surface of the 
plaster termed blisters. Consequently, in order to 
obtain a perfect kind of plaster, it is absolutely ne- 
cessary that the lime, before being worked, be allowed 
to remain a considerable time macerating or souring' 
in water : the same sort of process, though not abso- 
lutely required, would considerably improve the lime 
intended for mortar. Great care is required in the 
management, the principal thing being the procur- 
ing of well-burnt lime, and allowing no more lime, 
before worked, than is just sufficient to macerate or 
sour it with the water : the best-burnt lime will re- 
quire the maceration of some days. 

It has been almost universally admitted, that the 
hardest limestone affords the lime which will consol- 
idate into the finest cement ; hence, it is generally 
concluded that lime made of chalk produces a much 
weaker cement than that made of marble or lime- 
stone. It would seem, however, that, if ever this be 
the case, it is only incidentally, and not necessarily. 
In making the mortar, other substances are occasion- 
ally mixed with lime, which we shall here proceed to 
notice, and endeavor to point out their excellences 
and defects. Those commonly used, besides sand 
of various denominations, are powdered sandstone, 
brickdust, and sea shells; and for forming plaster 
where closeness, rather than hardness, is required, 
lime which has been slaked, and kept in a dry place 



till it has become nearly effete, and powdered chalk, 
or whiting, and gypsum, in various proportions, be- 
sides hair and other materials of a similar nature. 
Other ingredients have been more lately recom- 
mended, such as earthy balls, slightly burnt and 
pounded, old mortar rubbish, powdered and sifted, 
and various things of the like kind, the whole of 
which are, in some respect or other, objectionable. 

Plaster of Paris is employed by the plasterer to 
give the requisite form and finish to all the superior 
parts of his work. It is made of a fossil stone 
called gypsum, which is excavated in several parts 
of the neighborhood of Paris, where it derives its 
name, and is calcined to a powder, to deprive it of 
its water of crystallization. 

The stones are burnt in kilns, which are generally 
of very simple construction, being not unfrequeutly 
built of the gypsum itself. The pieces to be cal- 
cined are loosely put together in a parallelopiped 
heap, below which are vaulted pipes or flues, for the 
application of a moderate heat 

The calcination must not be carried to excess, as 
otherwise the plaster will not form a solid mass when 
mixed with a certain portion of water. During the 
process of calcination, the water of crystallization 
rises as white vapor, which, if the atmosphere be dry, 
is quickly dissolved in air. 

The pounding of the calcined fragments is per- 
formed sometimes in mills constructed for the pur- 
pose, and sometimes by men, whose health is much 
impaired by the particles of dust settling upon their 
lungs. 

On the River Wolga, in Russia, where the burning 
of gypsum constitutes one of the chief occupations 
of the peasantry, all kinds of gypsum are burnt pro- 
miscuously on grates made of wood ; afterwards, the 
plaster is reduced to powder, passed through a sieve, 
and finally formed into small, round cakes, which are 
sold at so much per thousand. 

These balls are reduced into an impalpable powder 
by the plasterer, and then mixed with mortar. 

The less the gypsum is mixed with other sub- 
stances, the better it is qualified for the purpose of 
making casts, stucco, &c. The sparry gypsum, or 
selenite, which is the purer kind, is employed for 
taking impressions from coins and medals, and for 
making those beautiful imitations of marble, granite, 
and porphyry, known by the name of scagUolOy which 
is derived from the Italian word scagli. 
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Finely-powdered alabaster, or plaster of Paris, 
when heated in a crucible, assumes the appearance 
of a fluid, by rolling in waves, yielding to the touch, 
steaming, &c., all of which properties it again loses 
on the departure of the heat K taken from the cru- 
cible and thrown upon paper, it will not wet it, but 
immediately be as motionless as it was before being 
exposed to the heat 

Two or three spoonfuls of burnt alabaster mixed 
up thin with water will, at the bottom of a vessel 
filled with water, coagulate into a hard lump, not- 
withstanding the water that surrounds it The coag- 
ulating or setting property of burnt alabaster will be 
very much impaired or lost if the powder be kept for 
any considerable time, and more especially in the 
open air. When it has been once tempered with 
water, and suffered to grow hard, it cannot be ren- 
dered of any further use. 

Plaster of Paris, diluted with water into the con- 
sistence of a soft or thin paste, quickly sets, or grows 
firm, and, at the instant of its setting, has its bulk 
increased. Thi^ expansive property, in passing from 
a soft to a firm state, is one of its valuable properties, 
rendering it an excellent matter for filling cavities in 
sundry works, where other earthy mixtures would 
shrink and leave vacuities, or entirely separate firom 
the adjoining parts. It is also probable that this ex- 
pansion of the plaster might be made to contribute 
to the elegance of the impressions it receives from 
medals, &c., by properly confining it when soft, so 
that, at its expansion, it would be forced into the mi- 
nutest traces of the figures. 

Other cements are used by plasterers for inside 
work. The first is called lime cmd hair^ or coarse 
stuffs and is prepared as common mortar, with the 
addition of hair from the tan yards. The mortar is 
first mixed with a requisite quantity of sand, and the 
hair i^ afterwards worked in by the application of a 
rake. 

Next to this is fine stuffs which is merely pure lime, 
slaked first with a small quantity of water, and 
afterwards, without any extraneous addition, super- 
saturated with water, and put into a tub in a half 
fluid state, where it is allowed to remain till the water 
is evaporated. In some particular cases, a small por- 
tion of hair is incorporated. When this fine stuff 
is used for inside walls, it is mixed with very fine 
washed sand, in the proportion of one part sand to 
three parts of fine stuff, and is then called trowelled 



or basta/rd stucco^ with which all walk intended to be 

painted are finished. 

The cement called gauge stuff consists of three 
fifths of fine stuff and one fifth plaster of Paris, mixed 
together with water, in small quantities at a time, to 
render it more ready to set. This composition is 
mostly used in forming cornices and mouldings run 
with a wooden mould. When great expedition is 
required, plasterers gauge all their mortars with plas- 
ter of Pans, which sets immediately. 



MASTIC CEMENT. 

This useful invention consists in making a cement 
or composition, which may be applied in the for- 
mation of ornaments and statues, and of bricks, or 
an imitation of bricks, tiles, and stones, and joining 
and cementing the same, and in erecting, covering, 
and decorating buildings internally and externally ; 
and the said cement or composition may be mixed 
and moulded upon any sort of material, and whole 
and entire erections and substances may be worked 
and moulded therewith. 

The cement consists in a mixture of earths and 
other substances that are insoluble in water, or nearly 
so, either in their natural state, or such as have been 
manufactured, as earthen ware, porcelain, and such 
like substances ; but it is preferred that those earths, 
either in their natural or manufactured state, are the 
least soluble in water, and have, when pulverized, or 
reduced to powder, the least color. To the earth or 
earths as before named, either in their natural or man- 
ufactured state, and so pulverized, add a quantity of 
esu^h of the oxides of lead, as litharge, gray oxide, aod 
minium, reduced or ground to powder, and to the 
whole of the above-named substances a quantity of 
pulverized glass or flint stone. 

These various earths, oxides, and glass, or flint stone^ 
reduced to a pulverized state, in proper and due pro- 
portions, and being mixed with a proper and due 
proportion of vegetable oil, as hereinafter named^ 
form and make a composition or cement, which, by 
contact or exposure to the atmosphere, hardens and 
forms an impenetrable and impervious coating or 
covering, resembling Portland or other stones. 

The cement or composition is composed in the 
follolving manner and proportions: To any given 
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weight of earth or earths, commonly called pit sand, 
river sand, rock sand, or any other sand of the same 
or like nature, or pulverized earthen ware, or porce- 
lain, add two thirds of such given weight of the earth 
or earths commonly called Portland stone, Bath 
stone, or any other stone of the same or like nature, 
pulverized. To every five hundred and sixty pounds' 
weight of these earths so prepared add forty pounds' 
weight of litharge, prepared as before described, and, 
with the last-mentioned given weights, combine two 
pounds' weight of pulverized glass or flint stone. 

Then join to this mixture one pound weight of min- 
ium and two ^pounds' weight of gray oxide of lead. 

This compound of earths, oxide, and glass, or flint 
stone, put into a circular or other proper machine, 
that will, by its rotary or other motion, mix them well, 
and their proper intermixture may be ascertained by 
the shade or colors, which should appear of one even 
and regular shade or hue ; but any particular shade 
or color may be given by a proper selection of earths, 
or by adding a small quantity of vegetable, mineral, 
or other coloring matter. 

This composition being thus mixed, pass the same 
through a wire sieve, or dressing machine, of such 
fineness or mash as may be requisite for the purposes 
it is intended for, preferring a fine sieve, mash or wire 
work, when the composition is to be used for works 
of a fine or even surface. The composition thus 
formed and mixed is a fine dry powder, and may be 
kept open in bulk or in casks for any length of time 
without deterioration. 

When this composition is intended to be made 
into cement for any of the purposes described, it is 
spread upon a board or platform, or mixed in a trough ; 
and to every six hundred and five pounds' weight of 
the composition are added five gallons of vegetable 
oil, as linseed oil, walnut oil, or pink oil. 

The composition is then mixed in a similar way 
to that of the mortar, and is afterwards subjected to 
a gentle pressure by treading upon it ; and this oper- 
ation is continued until it acquires the appearance 
of moistened sand. The mixture being thus com- 
posed is a cement fit and applicable to the enume- 
rated purposes. It is requisite to observe, that this 
cement should be used the same day the oil is added, 
otherwise it will fix or set into a solid substance, and 
be unfit for use. 

When this cement is to be used or applied to any 
thing, — to making of decorations, ornaments, and 



statues, or artificial bricks, tiles, and stones, — running 
or casting moulds, prepared, suited, and applicable 
for the purposes for which they are intended, are made 
use of. The moulds for making ornaments, statues, 
or other fancy works are prepared and made of gyp- 
sum, or plaster of Paris, or seasoned or dry wood, 
and must be prepared by rubbing the internal parts 
well with raw linseed oil, until they are brought to a 
dry, smooth, and polished surface, to prevent adhe- 
sion ; and in some instances, to obtain a more per- 
fect, dry, smooth, and polished surface, pulverized 
plumbago is used. In all cases it is requisite to de- 
tach or remove, with convenient speed, the mould 
from the body of the cement or composition to which 
it is intended to give form. 

The statue, ornament, bricks, tiles, and stones, or 
the imitations of all or either of them, thus formed, 
must be removed with care, and placed upon a bench 
or platform, which must be previously covered with 
fine dry sand to prevent adhesion; and, in some 
cases, for statues and ornaments, a bed of fine dry 
sand is necessary to receive them, where they must 
remain in both cases for the purpose of setting for 
twenty-four hours, or a longer period, according to 
the temperature to which they are exposed. 

When it is applied for the purpose of cementing 
and joining of bricks, tiles, stones, and other sub- 
stances, the surfaces to which the cement or compo- 
sition is to be applied are prepared by brushing and 
cleaning them fi*om dust and all loose matter ; the 
said surfaces are then covered with boiled linseed 
oil, with a brush, as in painting. This application 
of the boiled linseed oil prevents the too rapid ab- 
sorption of the oil employed or mixed with the cem- 
ent or composition. A thin coating of the cement is 
then applied between the two bodies to be joined. 
When the cement is used for the purpose of covering 
buildings intended to resemble stone, the surface of 
the buildings is washed in oiL 

The cement is then applied of the thickness of a 
quarter of an inch, or any greater thickness, accord- 
ing to the nature of the work, joint, or stone it is 
intended to resemble. 

It is requisite to observe, that when a joint, in- 
tended to resemble a plain stone joint, is to be made 
upon the surface of the cement or composition, the 
cement or composition must be partly set or hardened 
previously to the impression of the joint upon its sur- 
face, cmd the joiht is made by a rule and steel jointer. 
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When the cement is used for the covering of sub- 
stances less absorbent than bricks, or tiles, (as wood, 
lead, iron, or tin,) a much less quantity of boiled 
linseed oil in preparing the surfaces is required. 



LATHING, PLASTERING, &c. 

Lathingf the first operation, consists in nailing 
laths on the ceiling or partition. Laths are made of 
spruce or pine, and are fastened with cut nails. They 
are made in four-foot lengths ; and, with respect to 
their thickness and strength, are either single, lath 
and half, or double. The single are the thinnest and 
cheapest ; those called lath and half are supposed to 
be one third thicker than the single ; and the double 
laths are twice that thickness. In lathing ceilings, 
the plasterers should so dispose them that the joints 
be as much broken as possible, that they may have 
the stronger key or tie, and thereby strengthen the 
plastering with which they are to be covered- The 
thinnest laths are used in partitions^ and the strongest 
for ceilings. 

Laths are also distinguished into heart and sap 
laths: the former should always be used in plain 
tiling ; the latter, which are of inferior quality, are 
most frequently used by the plasterer. 

Sawed laths have within a few years been intro- 
duced, and are now in general use. They are not 
subject to so much waste, cost less, and do not re- 
quire so much mortar as the split lath; the last 
named, however, retains the mortar most firmly. 

Having nailed the laths in their appropriate order, 
the plasterer's next business is to cover them with 
plaster, the most simple and common operation of 
which is laying; that is, spreading a single coat of 
lime and hair over the whole ceiling or partition, 
carefully observing to keep it smooth and even in 
every direction. This is the cheapest kind of plas- 
tering. 

Pricking' up is performed in the same manner as 
the foregoing ; but it is only a preliminary to a more 
perfect kind of work. After the plaster is laid on, it 
is crossed all over with the end of a lath< to give it a 
tie or key to the coat which is afterwards to be laid 
upon it. 

Lathings layings and set^ or what is termed lath and 

plastety one coat and set^ is, when the work, after 
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being lathed, is covered with one coat of lime and 
hair, and afterwards, when sufficiently dry, a thin and 
smooth coat is spread over it, consisting of lime only, 
or, as the workmen call it, putty or set This coat is 
spread with a smoothing trowel, used by the work- 
man with his right hand, while his left hand moves 
a large flat brush of hogs' bristles, dipped in water, 
backwards and forwards over it, and thus produces a 
surface tolerably even for cheap work. 

Lathing, floating and set, or lath and plaster^ one 
coat, floated and set, differs from the foregoing, in 
having the first coat pricked up to receive the set| 
which is here called the floating. In doing this, the 
plasterer is provided with a substantial straight edge, 
frequently from ten to twelve feet in length, which 
must be used by two workmen. All the parts to 
be floated are tried by a straight edge, to ascertain 
whether they be perfectly flat and level ; and whenever 
any deficiency appears, the hollow i9 filled up with a 
trowel full or more of lime and hair only, which is 
termed ^//tiig* out; and when these preliminaries are 
settled, the screeds are next 'formed. The term screed 
signifies a style of lime and hair, about seven or 
eight inches in Width, gauged quite true, by drawing 
the straight edge over it until it be so. These screeds 
are made at the distance of about three or four feet 
from each other, in a vertical direction, all round 
the partitions and walls of a room. When all are 
formed, the intervals are filled up with lime and hair, 
called by the workmen stuff, till flush with the face 
of the screeds. The straight edge is then worked 
horizontally on the screeds, by which all the super- 
fluous stuff projecting beyond them in the intervals 
is removed, and a plain surface produced. This 
operation is termed floating, and may be applied to 
ceilings as well as to partitions or upright walls, by 
first forming the screeds in the direction of the 
breadth of the apartment, and filling up the intervals 
as above described. As great care is requisite to 
render the plaster sound and even, none but skilful 
workmen should be employed. 

The set to floated work is performed in a mode 
similar to that already prescribed for laying; but, 
being employed only for best rooms, is done with 
more care. About one sixth of plaster of Paris is 
added to it, to make it set more expeditiously, to 
give it a closer and more compact appearance, and 
to render it more firm, and better calculated l4> re- 
ceive the whitewash or color when dry.. For floated 
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•tiicco woik, the prioking up cannot be too dry ; bnt 

if the floating which is to receive the setting coat 
be too dry before the set is laid on, there will be 
danger of its peeling oS, or of assuming the appear- 
ance of little cracks or shells, which would disfigure 
the work. Particular care and attention, therefore, 
must be paid to have the under coats in a proper 
state of dryness. It may here be observed, that 
cracks, and other unpleasant appearances in ceilings, 
are more frequently the effect of weak laths being 
eovered with too much plaster, or too little plaster 
upon strong laths, rather than of any sagging or 
other inadequacy in the timbers or the building. If 
the laths be properly attended to, and the plaster laid 
on by a careful and judicious workman, no cracks or 
other blemishes are likely to appear. 

The next operation combines both the foregoing 
processes, but requires no lathing ; it is called render' 
Mg* emd set J or rendering', floated, and set What is 
understood by rendering, is the covering of brick or 
stone Wall with a coat of lime and hair, and by set is 
denoted a superficial coat of fine stuff or putty upon 
the rendering. These operations are similar to those 
described for setting of ceilings and partitions ; and 
the floated and set is laid on the rendering in the 
same manner as on the partitions, &o., already ex- 
plained, for the best kind of work. 

Trowelled stucco, which is a very neat kind of 
work, used in dining-rooms, halls, &c., where the 
walls are prepared to be painted, must be worked 
upon a floated ground^ and the floating be kept quite 
dry before the stucco is applied In this process, the 
plasterer is provided with a wooden tool, called a 
that, consisting of a piece of half-inch board, about 
nine inches long and three wide, planed smooth, 
with its lower edges a little rounded off, and having 
a handle on the upper surface. The stucco is pre- 
pared as above described, and afterwards beaten and 
tempered with clear water. The ground intended to 
be stuccoed ia first prepared with a large trowel, and 
is made as smooth and level as possible ; when the 
stucco has been spread upon it to the extent of four 
or five feet square, the workman, with a float in his 
right hand and a brush in his left, sprinkles with 
water and rubs alternately the face of the stucco, till 
the whole is reduced to a fine, even surface. He 
then prepares another square of the ground, and pro- 
ceeds as before, till the whole is completed. The 
water has the effect of hardening the fietce of the 



stucco. When the floating is wefl performed, it "will 
feel as smooth as glass. 

Rough casting, or rough walling^, is an exterior fin- 
ishing, much cheaper than stucco, and, therefore, more 
frequently employed on cottages, farm-houses, &c^ 
than on buildings of a higher class. The wall in- 
tended to be rough cast is first picked up with a coat of 
lime and hair ; and when this is tolerably dry, a sec- 
ond coat is laid on, of the same materials as the first, 
as smooth as it can possibly be spread. As fast as 
the workman finishes this surface, he is followed by 
another with a pailfrd of rough cast, with which he 
bespatters the new plastering, and the whole dries 
together. The rough cast is composed of fine gravel, 
washed from all earthy particles, and mixed with 
pure lime and water, till the whole is of a semi-fluid 
consistency. This is thrown from the pail upon the 
wall with a wooden float, about five or six inches 
long, and as many wide, made of half-inch board, 
and fitted with a round handle. While, with this 
tool, the plasterer throws on the rough cast with his 
right hand, he holds in his left a common white- 
washer's brush, dipped in the rough cast also, with 
which he brushes and colors the mortar and the 
rough cast he has already spread, to give them, when 
finished, a regular, uniform color and appearance. 

Cornices are either plain or ornamented, and some- 
times embrace a portion of both classes. The first 
point to be attended to is, to examine the drawings, 
and measure the projections of the principal mem- 
bers, which, if projecting more than seven or eight 
inches, must be bracketed. This consists in fixing 
up pieces of wood at the distance of about ten or 
twelve inches from each other, all round the place 
proposed for the cornice, and naUuig laths to tiiem, 
covering the whole with a coat of plaster. In the 
brackets, the stuff necessary to form the cornice must 
be allowed, which, in general, is about one inch and 
a quarter. A beech mould is next made by the car- 
penter, of the profile of the intended cornice, about 
a quarter of an inch in thickness, with the quirks, or 
small sinkings, of brass or copper. All the sharp 
edges are carefully removed by the plasterer, who 
opens with his knife all the points which he finds 
incompetent to receive the plaster freely. 

These preliminaries being adjusted, two workmen, 
provided with a tub of putty and a quantity of plas- 
ter of Paris, proceed to run the cornice. Before 
using the mould, they gauge screed of putty and 
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phster tipon the vnUl veA ceiling, coTering so much 
of each as will correspond with the top and bottom 
of the intended cornice. On this screed, one or two 
slight board straight edges, adapted to as many 
notches or chases, made in the mould for it to work 
upon, are naUed. The putty is then mixed with 
about one third of plaster of Paris, and brought to 
a semi-fluid state by the addition of clean water. 
One of the workmen, with two or three trowels full 
of this composition upon his hawky which be holds 
in his left hand, begins to plaster over the surface 
intended for the cornice, with his trowel, while his 
partner applies the mould to ascertain when more or 
less is wanted. When a sufficient quantity of plas- 
ter is laid on, the woricman holds his mould firmly 
against both the ceiling and the wall, and moves it 
backwards and forwards, which removes the super- 
fluous stufl*, and leaves an exact impression of the 
mould upon the plaster. This is not efiected at 
once ; for while he works the mould backwards and 
forwards, the other workman takes notice of any de- 
ficiencies, and fills them up by adding fresh supplies 
of plaster. In this manner, a cornice from ten to 
twelve feet in length may be formed in a very short 
time; indeed, expedition is essentially requisite, as 
the plaster of Paris occasions a very great tendency 
in the putty to set ; to prevent which, it is necessary 
to sprinkle the composition frequently with water, as 
plasterers, in order to secure the truth and correctness 
of the cornice, generally endeavor to finish all the 
lengths or pieces between any two breaks or pro- 
jections at one time. In cornices which have very 
large proportions, and in cases where any of the or- 
ders of architecture are to be introduced, three or 
four moulds are required, and are similarly applied, 
till all the parts are formed. Internal and external 
mitres, and small returns or breaks, are afterwards 
modelled and filled up by hand. 

Cornices to be enriched with ornaments have cer- 
tain indentations, or sinkings, left in the mould in 
which the casts are laid. These ornaments were 
formerly made by hand, but now are cast in plaster 
of Paris, from clay models. When the clay model 
is finished, and has, by exposure to the action of the 
atmosphere, acquired some degree of firmness, it is 
let into a wooden frame, and, when it has been re- 
touched and finished, the frame is filled with melted 
wax, which, when cold, is, by turning the firame up- 
side down, allowed to fall off, being an exact cameo, 



Of yHMUiteipBit of the utodeL By these meani, ths 
most enriched and curiously-wrought mooMings may 
be cast by the common plastered. These wax laod^ 
els are contrived to cast about a foot in length of the 
ornament at once, such lengths being easily got out 
fix)m the cameo. The casts are made of the finest 
and purest plaster of Paris, saturated with water; 
and the wax mould is oiled previously to its being 
put in. When the casts or intaglios are first taken 
from, the mould, they are not very firm ; but being 
suffered to dry a little, either in the open air or in an 
oven, they acquire sufficient hardness to allow of 
being scraped and cleaned. 

Basso rilievos and friezes are executed in a similar 
manner, only the wax mould is so made that the 
cast can have a back ground at least half an inch 
thick of plaster cast to the ornament or .figure, in 
order to strengthen and secure the proportions, at the 
same time that it promotes the general effect. 

The process for capitals to columns is also the 
same, except that numerous moulds are required to 
complete them. In the Corinthian capitals, a shaft 
or belt is first made, on which is afterwards fixed the 
foliage and volutes, the whole of which require dis- 
tinct cameos. 

In running cornices, which are to be enriched, the 
plasterer takes care to have proper projections in the 
running moulds, so as to make a groove in the cor- 
nice for the reception of the cast ornament, which is 
laid in and secured by spreading a small quantity of 
liquid plaster of Paris on its back. Detached orna- 
ments intended for ceilings or other parts, and where 
no running mould has been employed, are cast in 
pieces corresponding with the design, and fixed upon 
the ceiling, &c., with white lead, or with the compo- 
sition known by the name of iron cement. 

The manufacture of stucco has, for a long time 
past, attracted the attention of all connected with 
this branch of building, as well as chemists and other 
individuals ; but the only benefit resulting from such 
investigations is, a more extensive knowledge of the 
materials used. It would seem that the great moist- 
ure of our climate prevents its being brought to any 
high degree of perfection ; though, among the various 
compositions which have been tried and proposed, 
some, comparatively speaking, are excellent 

Common stucco, used for external work, consists 
of dean-washed river sand and ground lime, which are 
mixed dry, in the proportion of three of the latter to 
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one of the fonner : when well incorporated together, 
these shonld be secured from the air in casks till re- 
quired for use. Walls to be covered with this com- 
position must first be prepared, by raking the mortar 
from the joints, and picking the bricks or stones, till 
the whole is indented ; the dust and other extraneous 
matter must then be brushed off, and the wall well 
saturated with clean water. The stucco is supersat- 
urated with water till it has the appearance and con- 
sistence of ordinary whitewash, in which state it is 
rubbed over the wall with a flat brush of hogs' bris- 
tles. When this process, called rotighing in^ has been 
performed, and the work has become, tolerably dry 
and hard, which may be known by its being more 
white and transparent, the screeds are to be formed 
upon the wall with fresh stucco from the cask, tem- 
pered with water to a proper consistency, and spread 
on the upper part o£ the wall, about eight or nine 
inches wide ; as also against the two ends, beginning 
at the top, cmd proceeding downwards to the bottom. 
In this operation, two workmen are required ; one to 
supply the stucco, the other to apply the plumb rule 
and straight edge. When these are truly formed, 
other screeds must be made in a vertical direction, 
about four or five feet apart, unless apertures in the 
wall prevent it ; in which case, they must be formed 
as near together as possible. When the screeding is 
finished, compo * is prepared in larger quantities, and 
both the workmen spread it with their trowels over 
the wall, in the space left between each pair of 
screeds. When this operation is complete, the 
straight edge is applied, and dragged from the top to 
the bottom of each pair, to remove whatever super- 
fluous stucco may project above the screeds. If 
there be any hollow places, fresh stucco is applied, 
and the straight edge is again drawn over the spot, 
till the compo is brought even to the face of the 
screeds, and the whole is level with the edge of the 
rule. Another interval is then filled up, and the 
workmen thus proceed tiU the whole of the wall is 
covered. The wall is finished by floating ; that is, 
hardening the surface by sprinkling it with water, 
and rubbing it with the common wood float, which 
is performed similarly to trowelling stucco. 

This description of compo is frequently used by 
plasterers for cornices and mouldings, in the same 
manner as described in common plastering; but if 

* A name often giren to Parker's cement. 



the workman finds it necessary, he may add a smfill 
quantity of plaster of Paris, to make it fix the better 
while running or working the mould. Such addition 
is not, however, calculated to give strength to the 
stucco, and is only made through the necessity of 
having a quick set 

Scagliola is a distinct branch of plastering, dis- 
covered or invented, and much used, in Italy, and 
thence introduced into France, where it obtained its 
name. 

Columns and pilasters are executed in this branch 
of plastering in the following manner: A wooden 
cradle, composed of thin strips of pine or other wood, 
is made to represent the column designed, but about 
two inches and a half less in diameter than the shaft 
is intended to be when finished. This cradle is lathed 
round, as for common plastering, and then covered 
with a pricking-up coat of lime and hair. When 
this is quite dry, the artists in scagliola commence 
operations, by imitations of the most rare and pre- 
cious marbles, with astonishing and delusive efiect ; 
indeed, as the imitation takes as high a polish, and 
feels as cold and hard, as the most compact and solid 
marble, nothing short of actual firacture can possibly 
discover the counterfeit 

In preparing the scagliola, the workman selects, 
breaks, and calcines the purest gypsum, and as soon 
as the largest fragments, in the process of calcination, 
lose their brilliancy, withdraws the fire, and passes 
the calcined powder through a very fine sieve, and 
mixes it, as required for use, with a solution of glue, 
isinglass, &c. In this solution, the colors required in 
the marble to be imitated are diflused ; but when the 
work is to be of various colors, each color is prepared 
separately, and afterwards mingled and combined, 
nearly in the same manner as a painter mixes on his 
palette the primitive colors to compose his different 
tints. 

When the powdered gypsum is prepared, it is laid 
on the shaft of the intended column, over the pricked- 
up coat of lime and hair, and is then floated with 
moulds of wood, made to the requisite size : the artist 
uses the colors necessary to the imitation during the 
floating, by which means they mingle and incorpo- 
rate with the surface^ To obtain the glossy lustre, 
BO much admired in works of marble, the workman 
rubs the work with one hand with a pumice stone, 
while with the other he cleans it with a wet sponge ; 
he next polishes it with tripoli, charcoal, and a piece 
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of fine linen ; afterwards with a piece of felt, dipped 
in a mixture of oil and tripoli ; and finally completes 
the work by the application of pure oil. This imita- 
tion is, certainly, the most complete that can be con- 
ceived ; and when the bases and capitals are made 
of real marble, as is the common practice, the de- 
ception is beyond discovery. If not exposed to the 
"weather, it is, in point of durability, little inferior to 
real marble, retains its lustre full as long, and is not 
one eighth of the expense of the cheapest kind. 

There is another species of plastering, used in the 
decorative parts of architecture, and for the frames 
of pictures, looking-glasses, &c., which is a perfectly 
distinct branch of the art This composition, which 
is very strong, and, when quite dry, of a brownish 
color, consists of the proportion of iM'o pounds of 
powdered whiting, one pound of glue in solution, 
and half a pound of linseed oil, mixed together, and 
heated in a copper, and stirred with a spatula till the 
whole is incorporated. When cool, it is laid upon a 
stone,'covered with powdered whiting, and beaten till 
it assumes a tough and firm consistence ; after which 
it is covered with wet cloths, to keep it fresh till re- 
quired for use. 

The ornaments to be cast in this composition are 
modelled in clay, as in common plastering, and af- 
terwards a cameo, or mould, is carved in boxwood. 
This carving requires to be done with the utmost 
care, otherwise the symmetry of the ornament which 
is to be cast from it will be spoiled. The composi- 
tion, when required for use, is cut with a knife into 
pieces of the requisite size and forced into the mould ; 
after which it is put into a press worked by an iron 
screw, and still further compressed. When the mould 
is taken firom the press, the composition, which is 
generally cast about a foot in length, is dislodged 
from the mould, and the superfluous parts pared 
off with a knife and cast into the copper for the 
next supply. ^ 

The ornaments thus formed are glued upon wooden 
grounds, or fixed by means of white lead, &c. ; after 
which they are painted or gilt, according to the pur- 
poses for which they are intended. This composition 
is at least 80 per cent, cheaper than carving, and, in 
most cases, equally calculated to answer all the pur- 
poses of the art. 

It is much to be wished, that the art of plastering 
could be restored to its ancient perfection, for the 
Romans possessed an art of rendering works of this 



kind much more firm and durable than can be ac- 
complished at the present time. 

The specimens of ancient Roman plastering still 
visible, which have not been injured by force, are 
found to be firm and solid, free from cracks or crev- 
ices, and as smooth and polished on the surface as 
when first applied. The sides and bottoms of the 
Roman aqueducts were lined with this plastering, 
and endured many ages. 

At Venice, some of the roofs of houses and the 
floors of rooms are covered with a sort of plaster of 
later date, and yet strong enough to endure the sun 
and weather for several ages without either cracking 
or spoiling. 

The method of making the Venetian composition 
is not known in England ; but such might probably 
be made by heating the powder of gypsum over a 
fire, and when boiling, which it will do without the 
aid of water or other fluid, mixing it with rosin, or 
pitch, or both together, with common sulphur, and 
the powder of sea shells. If these be mixed together, 
water added to it, and the composition kept on the 
fire till the instant of its being used, it is not improb- 
able that the secret may be discovered. Oil of tur- 
pentine and wax, which are the common ingredients 
in such cements as are accounted firmest, may also 
be tried as additions, as also may strong alewort, 
which is by some directed to be used instead of 
water, to make mortar of limestone of more than 
ordinary strength. 



SLATING. 

This branch of building, which is principally em- 
ployed in the covering of roofs, is not unfrequently 
combined with that of plastering. The slates chiefly 
used in London are brought from the quarries at 
Bangor, in Caernarvonshire, which supply all parts 
of the United Kingdom. Another kind of slate, of 
a pale blue-green color, is used, and most esteemed, 
being brought from Kendal, in Westmoreland, called 
Westmoreland slates. These slates are not large, but 
of good substance, and well calculated to give a neat 
appearance to a roof. The Scottish slate, which as- 
similates in size ^nd quality to a slate from Wales, 
called ladies, is in little repute. 

The slates produced in this country are principally 
from the quarries in the State of Vermont. In point 
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qf dnrabilily, they are equal to the Welsh slates, bat 
have not that nnifonnity of color which distingaishes 
the latter. 

The height of roofs at the present time is very 
rarely above one third of the span, and should never 
be less than one sixth. The most usual pitch for 
dates is that when the height is one fourth of the 
span, or at an angle of 26^ degrees with the horizon. 
Taking this as a standard, the following table will 
show the degree of inclination which may be given 
for other materials : — 



Kind of Corering. 



[■cli nation 
to tbe hori- 

XOD. 



3 50 
3 50 
22 00 
26 33 
29 41 
29 41 
24 00 
Thatch of straw or reeds, 1 45 00 



Copper, . . 

Lead, . . . 

Slates, large, . 
Slates, ordinary. 

Stone slate, . 
Plain tiles, 

Pan tiles, • • 



Height of 

roof in part* 

of span. 



iV 

i 

i 

i 



Waifbt 

upon a tqaare 

of roofiag. 



100 

700 

1120 

From 900 

to 600 

2380 

1780 

650 



Slaters class the Welsh and Amencan slates in 
the following order: — 



Doubles, 


average 


size. 


Ft 

1 


la. 
1 


by 


6 


Ladies, 


4( 


i( 


1 


3 


u 


8 


Countesses, 


a 


i( 


1 


8 


u 


10 


Duchesses, 


ti 


u 


2 





u 


1 


Welsh rags, 


(i 


(t 


3 





« 


2 


Queens, 


u 


(i 


3 





« 


2 


Imperials, 


u 


ii 


2 


6 


u 


2 


Patent slate. 


(C 


u 


2 


6 


u 


2 



The doubles are made from fragments of the larger 
kinds, and derive their name from their diminutive 
size. Ladies are similarly obtained. Countesses are 
a gradation above ladies ; and duchesses above coun- 
losses. 

Slate, like most other stony substances, is separat- 
ed from its bed by the ignition of gunpowder. The 
blocks thus obtained are, by the application of wedges, 
reduced into layers, called scantlings^ from four to 
nine inches in thickness, and of any required length 
and breadth, which are afterwards sawed to the re-\ 
spective sizes by machinery. The blue, green, and 



purple, or darker kinds of slate, are, in general, foiuad 
capable of being split into very thin laminee, or sheets ; 
but those of the white or brownish freestone kind can 
seldom be separated or divided so fine ; consequently, 
these last form heavy, strong, thick coverings, proper 
for buildings in exposed situations, such as barns, 
stables, and other outhouses. 

The instruments used in splitting and deaning 
slates are slate knives, axes, bars, and wedges ; the 
three first being used to reduce the slates into the 
required thicknesses, and the last to remove the ine- 
qualities from the surface. 

Imperial slating is particularly neat, and may be 
known by having its lower edge sawed ; whereas, all 
other slates used for covering are chipped square on 
their edges only. 

Patent slate was first brought into use by Mr. 
Wyatt, the architect; but a patent was never ob- 
tained. It derives its name from the mode adopted 
to lay it on the roofs ; it may be laid on a rafter of 
much less elevation than any other, and is considera- 
bly lighter, by reason of the laps being less than is 
necessary for the common sort of slating. This slat- 
ing was originally made from Welsh rags; but it is 
now very frequently made from imperials^ which ren- 
der it lighter, and also somewhat neater in appearance. 

Westmoreland slate^ from the experiments made by 
the late Bishop of Llandaff, appears to differ a little 
in its natural composition from that obtained from 
Wales. It must, however^ be remarked, that this 
kind of slate owes its lightness, not so much to any 
diversity in the component parts of the stone, as to 
the thinness to which it is reduced by the workman ; 
consequently, it is not so well calculated to resist 
violept winds as those which are heavier. 

Slates, when brought from the quarry, are not suf- 
ficiently square for the slater's use ; he therefore 
picks up and examines the slates separately, and 
observes which is the strongest and squarest end; 
then, seating himself, he holds the slate a little slant- 
ing upon, and projecting about an inch over, the 
edge of a small block of wood, which is of the same 
height as his seat, and PUts away and makes straights 
one of its edges; then, with a slip of wood, he 
gauges and cuts off the other edge parallel to it, and 
squares the end. The slate is now considered pre- 
pared for use, with the exce;:tiDn of perforating 
through its opposite ends two small holes for the 
reception of the nails which are to confine it to the 
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roof. Copper and zinc nails, or iron nails tinned, ^re 
considered the best, being less susceptible of oxida- 
tion than nails made of bar iron. 

Before we proceed further with the operations 
necessary in the slating of buildings, we shall give 
some account of the tools used by this class of ar- 
tificers. 

Slaters' tools are very few, which sometipies are 
found by the masters, and sometimes by the men. 
The tool called the saixe is made of tempered iron, 
about sixteen inches in length, somewhat bent at one 
end, with a handle of wood at the other. This tool 
is not unlike a large knife, except that it has on its 
back a projecting piece of iron, about three inches in 
length, drawn to a sharp point. This tool is used to 
chip or cut all the slates to the required sizes. 

The ripper is also of iron, about the same length 
as the saixe ; it has a very thin blade, about an inch 
and three quarters wide, tapered somewhat towards 
the top, where a roimd head projects over the blade 
about half an inch on each side; it has also two 
little round notches in the two internal angles, at 
their intersections. The handle of this tool is raised 
above the blade by a shoulder, which enables the 
workman to hold it firm. This instrument is used 
in repairing old slating, and the application consists 
in thrusting the blade under the slates, so that the 
head, which projects, may catch the nail in the little 
notch at its intersection, and enable the workman to 
draw it out During this operation, the slate is suffi- 
ciently loosened to allow of its being removed and 
another inserted in its place. 

The hammer^ which is somewhat diiFerent in shape 
to the ordinary tool of that name, is about five inches 
in height on the hammer or driving part, and the top 
is bent back, and ground to a tolerably sharp point, 
its lower or flat end, which is quite round, being 
about three quarters of an ' inch in diameter. On 
t)us side oi the driving part is a small projection, 
with a notch in the centre, which is used as a claw 
to extract such nails as do not drive satisfactorily. 

The shaving tool is used for getting the slates to a 
smooth face for skirtings, floors for balconies, &x;. It 
consists of an iron blade, sharpened at one of its 
ends like a chisel, and mortised through the centre 
of two round wooden handles, one fixed at one end, 
and the other about the middle of the blade. The 
blade is about eleven inches long and two inches 
wide, and the handle b about ten inches long ; so 



that they project about four inches on each aide of 
the blade. In using this tool, the workman places 
one hand on each side of the handle that is in the 
middle of the blade, and allows the other to press 
against both his wrists. In this manner, he removes 
all the uneven parts from off the face of the slate, 
and gets it to a smooth surface. 

The other tools used by the slater consist of chisels, 
gouges, and files of all sizes ; by means of which he 
finishes the slates into mouldings and other required 
forms. 

In slating roofs, it is necessary to form a base or 
floor for the slates to lay compactly and safely upon ; 
for doubles and ladies^ boarding is required, which 
must be laid very even, with the joints close, and 
properly secured by nails to the rafters. This being 
completed, the slater provides himself with several 
slips of wood, called tilting JUlets^ about ten inches 
and a half wide, and three quarters of an inch thick 
on one edge, and chamfered to an arris on the other, 
which he nails down aU round the extreme edges of 
the roof, beginning with the hips, if any, and if not^ 
with the sides, eaves, and ridge. He next selects the 
largest of the slates, and arranges them regularly 
along the eaves, with their lower edges to a line, and 
nails them to the boarding. This part of the work 
being completed, he takes other slates to form the 
bond to the under sides of the eaves, and places 
them under those previously laid, so as to cross and 
cover all their joints. Such slates are pushed up 
lightly under those which are above them, and are 
seldom nailed, but left dependent for support on the 
weight of those above them, and their own weight 
on the boarding. The countesses and all other de- 
scriptions of slates, when intended to be laid in a 
good manner, are also laid on boards. 

When the slater has finished the eaves, he stretches 
a line on the face of the upper slates, parallel to ita 
outer edge, and as fox firom it as he deems sufficient 
for the Jap of those he intends shall form the next 
course, which is laid and nailed even with the line, 
crossing the joints of the upper slates of the eaves. 
This lining and laying is continued close to the ridge 
of the roof, observing throughout to break the differ- 
ent joints, by laying the slates one above another. 
The same system is universally followed in laying all 
the different sorts of slates, with the exception of 
those called patent slates^ as hereafter explained. 
I The largest kind of slates are found to lay firm on 
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baUenSy which are, consequently, much employed, 
and produce a very considerable saving of expense 
in large buildings. A batten is a narrow portion of 
board, about two inches and a half or three inches 
wide, four of them being commonly procured from 
an eleven-inch board. 

For countess slates, battens three quarters of an 
inch thick will be of adequate substance ; but for 
the larger and heavier kinds, inch battens will be 
necessary. In battening a roof for slates, the battens 
are not placed at a uniform distance from each other, 
but so as to suit the length of the slates ; and as 
these vary as they approach the apex or ridge of the 
roof, it follows that the slater himself is the best 
judge where to fix them, so as best to support the 
slates. 

A roof, to be covered with patent slates, requires 
that the common rafters be left loose upon their pur- 
lines, as they must be so arranged that a rafter shall 
lie under every one of the meeting joints. Neither 
battening nor boarding is required for these slates. 
The number of rafters will depend on the width of 
the slates; hence, if they be of a larger size, very 
few will suffice. This kind of slating is likewise 
commenced at the eaves ; but no crossing or bond- 
ing is required, as the slates are laid uniformly, with 
each end reaching to the centre of the rafter, and 
butted up to each other throughout the length of the 
roof. When the eaves-course is laid, the slates which 
compose it are screwed down to the rafters by two or 
three strong inch and half screws at each of their 
ends. A line is then strained about two inches be- 
low the upper edge, in order to guide the laying of 
the next course, which is laid with its lower edge 
touching the line. This lining, laying with a lap, 
and screwing down, is continued till the roof is com- 
pletely covered. The joints are then secured by fil- 
leting, which consists in covering all the meeting 
joints with fillets of slate, bedded in glaziers' putty, 
and screwed down through the whole into the rafters. 
The fillets are usually about three inches wide, and 
of a length proportionate to that of the slates whose 
joints they have to cover. These fillets are solidly 
bedded in the putty, and their intersecting joints are 
lapped similar to those of the slates. The fillets 
being so laid, and secured by one in the middle of 
the fillet, and one in each lap, are next neatly pointed 
all round their edges with more putty, and then 
painted over with the color of the slate. The hips 



and ridges of such slating are frequently covered by 
fillets, which produce a very neat effect ; but lead, 
which is not much dearer, is by far the best kind of 
covering for all hips and ridges. The patent slating 
may be laid so as to be perfectly water tight, with 
an elevation of the rafters considerably less than for 
any other slate or tile covering. The rise in each 
foot of length in the rafter is not required to be more 
than two inches, which, in a rafter of fifteen feet, will 
amount to only two feet six inches — a rise scarcely 
perceptible from the ground. 

Slating is performed in several other ways, but the 
principles already explained embrace the most of 
them. Some workmen shape and lay their slates in 
a lozenge form. This kind of work consists in get- 
ting all the slates to a uniform size, of the shape of a 
geometrical square. When laid on the roof, which 
must be boarded, they are bonded and lapped as in 
common slating, observing only to let the elbow^, or 
half of the square, appear above each slate that is 
next beneath it, and be regular in the courses all over 
the roof. One nail or screw only can be used for 
such slating ; hence it soon becomes dilapidated. It 
is commonly employed in places near to the eye, or 
where particular neatness is required. 

It has been ascertained that a slate one inch thick 
will, in a horizontal position, support as much in 
weight as five inches of Portland stone similarly sus- 
pended. Hence slates are now wrought and used in 
galleries, and other purposes, where it is essential to 
have strength and lightness combined. Slates are 
also fashioned into chimney-pieces, but are incapable 
of receiving a polish like marble. It makes excellent 
skirtings of all descriptions, as well as casings to 
walls, where dilapidations or great wear and tear are 
to be expected. For these purposes, it b capable of 
being fixed With joints, equally as neat as wood ; and 
may, if required, be painted over so as to appear like 
it Staircases tnay also be executed in slate, which 
will produce a resemblance of marble. 



PLUMBING. 

Plumbing is the art of casting and working in 
lead, and using the same in the covering and for 
other purposes in building. 

To the plumber is also confided the pump work, 
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as well as the making and fonning of cisterns and 
reservoirs, large or small closets, &c., for the purposes 
of domestic economy. The plumber does not use a 
great variety of tools, because the ductility of the 
metal upon which he operates does not require it 

The tools used consist of an iron hammer, rather 
heavier than a carpenter's, with a short, thick handle ; 
two or three wooden mallets of different sizes, and a 
Iressing and flatting tool. This last is of beech, 
about eighteen inches long and two inches square, 
planed smooth and flat on the under surface, and 
rounded on the upper, and one of its ends tapered 
off round as a handle. With this tool he stretches 
out and flattens the sheet lead, or dresses it to the 
shape required, using first the flat side, then the round 
one, as occasion may require. 

The plumber has also occasion for a jack and 
trying plane, similar to that of the carpenter. With 
this he reduces the edges of sheet lead to a straight 
line, when the purposes to which it is to be applied 
require it. His cutting tools consist of a variety of 
chisels and gouges, as well as knives. The latter of 
these are used for cutting the sheet lead into slips 
and pieces after it has been marked out by the chalk 
line. 

Files of different sizes ; ladles of three or four sizes, 
for melting the solder ; and an iron instrument called 
grazing irons. 

These grozing irons are of several sizes, generally 
about twelve inches in length, tapered at both ends, 
the handle end being turned quite round, to allow 
of its being firmly held while in use ; the other end 
is a bulb, of a spindle or spherical shape, of a size 
proportioned to the soldering intended to be ex- 
ecuted. They are, when required for use, heated to 
redness. 

The plumber's measuring rule is two feet in length, 
divided into three equal parts of eight inches each ; 
two of its legs are of boxwood, duodecimally divided ; 
and the third consists of a piece of slow-tempered 
steel, attached to one of the box legs by a pivot on 
which it turns, and falls, when not in use, into a 
groove cut in such leg for its reception. This steel 
leg can be passed into places where the others can- 
not enter; and it is also useful for occasionally re- 
moving the oxide or any extraneous matters firom the 
surface of the heated metal. 

Scales and weights are also necessary; and he 

must be supplied with centre bits of all sizes, for the 
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purpose of making perforations in lead .or wood, 
through which he may want to insert pipes, &c. 
Compasses, to strike circular pieces, to line or cover 
figures of that shape, are occasionally required. 

Lead is obtained from ore, and, firom its being gen- 
erally combined with sulphur, it has been denomi- 
nated sulphureU After the ore has been taken firom 
its bed it is smelted, first being picked, in order to 
separate the unctuous and rich or genuine ore firom 
the stony matrice, and other impurities ; the picked 
ore is then pounded under stampers worked by ma- 
chinery, and afterwards washed to carry off the re- 
mainder of the matrice, which could not be separated 
in picking. It is next put into a reverberatory fur- 
nace to be roasted; during which operation it is re* 
peatedly stirred, to facilitate the evaporation of the 
sulphur. When the surface begins to assume the 
appearance of a paste, it is covered with charcoal, 
and well shaken together ; the fire is then increased, 
and the purified lead flows down on all sides into 
the basin of the furnace, whence it runs off into 
moulds prepared for its reception. The moulds are 
capable of receiving one hundred and fifty-four pounds 
of lead each, and their contents, when cool, are, in 
the conunercial world, called pigs. 

Lead is of a bluish-white color, and when newly 
melted, or cut, is quite bright ; but it soon becomes 
tarnished on exposure to the atmosphere — assuming 
first a dirty, gray color, and afterwards becomes white. 
It is capable of being hammered into very thin plates, 
and may be drawn into wire ; but its tenacity is very 
inferior to that of other metals, for a leaden wire, the 
hundred and twentieth part of an inch in diameter, 
is only capable of supporting about eighteen pounds 
without breaking. Lead, next to tin, is the most fu- 
•sible of all metals ; and if a stronger heat be applied, it 
boils and evaporates. K cooled slowly, it crystallizes. 
The change of its external color is owing to its 
gradual combination with oxygen, which converts its 
exterior surface into an oxide. This outward crust, 
however, preserves the rest of the metal for a long 
time, as the air can penetrate but very slowly. 

Lead is not acted upon immediately by water, 
though that element greatly facilitates the action of 
the air upon it ; for it is known that, when lead is 
exposed to the atmosphere, and kept constantly wet, 
the process of oxidation takes place much more rap- 
idly than it does under other circumstances ; hence 
the white crust that is to be observed on the sides of 
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leaden Teasels oontainiag wmter, just at the place 
where the sturfiEice of the water terminates. 

Lead is purchased by plumbers in pigs, and they 
reduce it into sheets, or pipes, as they have occasion. 
Of sheet lead they have two kinds, cast and milled. 
The former is used for covering flat roofs of build- 
ings, laying of terraces, forming gutters, lining reser- 
voirs, &c. ; and the latter, which is very thin, for cov- 
ering the hips cmd ridges of roofs. This last they do 
not manufacture themselves, but purchase it of the 
lead merchants, r^ady prepared. 

For the casting of sheet lead, a copper is provided, 
and well fixed in masonry, at the upper end of the 
workshop, near the mould or casting table, which 
consists of strong boards, well jointed together, and 
bound with bars of iron at the ends. The sides of 
this table, of which the shape is a parallelogram, vary 
in size from four to six feet in width, and from six- 
teen to eighteen feet and upwards in length, and are 
guarded by a frame or edging of wood, three inches 
thick, and four or five inches higher than the interior 
surface, called the shafts. This table is fixed upon 
firm legs, strongly framed together, about six or seven 
inches lower than the top of the copper. At the up- 
per end of the mould, nearest the copper, is a box, 
ealled the pan^ which is adapted in its length to the 
breadth of the table, having at its bottom a long, hor- 
izontal slit, from which the heated metal is to issue, 
when it has been poured in from the copper. This 
box moves upon rollers along the surface of the rim 
of the table, and is put in motion by means of ropes 
and pulleys, fixed to beams above. While the metal 
is melting, the surface of the mould, or table, is pre- 
pared by covering it with a stratum of dry and clean 
sand, regularly smoothed over with a kind of rake, 
called a strike^ which consists of a board about five 
inches broad, and rather longer than the inside of the 
mould, so that its ends, which are notched about two 
inches deep, may ride upon the shafts. This being 
passed down the whole length of the table, reduces 
ihe sand to a uniform surface. The pan is now 
brought to the head of the table, close to the copper, 
its sides having previously been guarded by a coat 
of moistened sand, to prevent its firing from the heat 
of the metal, which is now put in by ladles from the 
copper. 

These pans, or boxes, it must be observed, are made 
to contain the quantity of mehed lead which is re- 
quired to cast a whole sheet at one time ; and the 



slit in tiie bottom is so adjusted as to let out, dnring 
its progress along tibe table, just as much as will com- 
pletely cover it of the thickness and weight per foot 
required. Every thing being thus prepared, the slit 
is opened, and the box moved along the table, dis- 
pensing its contents born the top to the bottom, and 
leaving in its progress a sheet of lead of the desired 
thickness. When cool, the sheet is rolled up an J 
removed from the table, and other sheets are cast, 
till all the metal in the copper is exhausted. The 
sheets thus formed are then rolled up and kept for use. 

In some places, instead of having a square box 
upon wheels, with a slit in the bottom, the pan con- 
sists of a kind of trough, being composed of two 
planks nailed together at right angles, with two tri- 
angular pieces fitted in between them at their ends. 
The length of this pan, as well as that of the box, is 
equal to the whole breadth of the mould. It is placed 
with its bottom on a bench at the head of the table, 
leaning with one side against it ; to the opposite side 
is fixed a handle, by which it may be lifted up in order 
to pour out the liquid metal. On the side of the pan 
next the mould are two iron hooks, to hold it to the 
table, and prevent it from slipping while the metal is 
being poured into the mould. 

The mould, as well as the pan, is spread over about 
two inches thick with sand sifted and moistened, and 
rendered perfectly level by moving over it the strike, 
and smoothing it down with a plane of polished 
brass, about a quarter of an inch thick and nine 
inches square, turned up on the edges. 

Before they proceed to casting the lead, the strike 
is made ready by tacking two pieces of old hat on the 
notches, or by covering the notches with leather 
cases, so as to raise the under side of the strike 
about an eighth of an inch or more above the sand, 
according to the proposed thickness of the sheet 
The face or under side of the strike is then smeared 
with tallow, and laid across the breadth of the mould, 
with its ends resting on the shafts. The melted lead 
is then put into the pan with ladles ; and, when a 
sufficient quantity has been put in, the scum is swept 
off with a piece of board, and suffered to settle on 
the coat of sand, to prevent its falling into the mould 
when the metal is poured out It generally happens 
that the lead, when first taken from the copper, is too 
hot for casting ; it is, therefore, suffered to cool in the 
pan till it begins to stand with a shell or wall on the 
sand with which the pan Lb lined. Two men thei* 
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tttke the pan by the handle^ or one of them takes it 
l>y means of a bar or chain fixed to a beam in the 
oeiling, and turn it down, so that the metal runs into 
i;he mould; while another man stands ready with the 
strike, and, as soon as all the metal is poured in, 
sweeps it forward and draws the residue into a 
tnrough at the bottom, which has been prepared to 
receive it. The sheet is then rolled up as before. 

In this mode of operation, the table inclines in its 
length about an inch or an inch and a half, in the 
length of sixteen or seventeen feet, or more, accord- 
ing to the required thickness of the sheets : the thin- 
ner the sheet, the greater the declivity; and vice 
versa. The lower end of the mould is also left open, 
to admit of the superfluous metal being thrown off. 

When a cistern is to be cast» the size of the four 
sides is measured out; and the dimensions of the 
front having been taken, slips of wood, on which the 
mouldings are carved, are pressed upon the sand. 
Figures of birds, beasts, &c, are likewise stamped in 
the internal area, by means of leaden moulds. If 
any part of the sand has been disturbed in doing 
this, it is made smooth, and the process of casting 
goes on as for plain sheets ; except that, instead of 
rolling up the lead when cast, it is bent into four 
sides, so that the two ends, when they are soldered 
together, may be joined at the back : the bottom is 
afterwards soldered up. 

The lead which lines the Chinese tea boxes is re- 
duced to a thinness which our plumbers cannot, it is 
said, approach. The following account of the pro- 
cess was communicated by an intelligent East Indian, 
in a letter which appeared in the Gentleman's Mag- 
azine: "The caster sits by a pot containing the 
melted' metal, and has two large stones, the lower 
one fixed and the upper one movable, having their 
surfaces of contact ground to each other, directly 
before him. He raises the upper stone by pressing 
his foot upon its side, and with an iron ladle pours 
into the opening a sufficient quantity of the fluid 
metal. He then lets fall the upper stone, and thus 
forms the lead into an extremely thin and irregular 
plate, which is afterwards cut into its required form." 

Cast sheet lead, used for architectural purposes, is 
technically divided into 5 lb,, 5^ lb., 6 lb., 6^ lb., 7 lb., 
7^ lb., 8 lb., and 8^ lb.; by wliich is understood 
that every superficial foot is to contain those respec- 
tive weights, according to the price agreed upon. 

The milled lead used by plumbers is very thin, sel- 



dom containing more than five pounds to the foot It 
is by no means adapted to gutters or terraces, nor, in* 
deed, to any part of a building that is much exposed 
either to great wear or to the effects of the sun's rays : 
in the former case, it soon wears away ; in the latter, 
expands and cracks. It is laminated in sheets of 
about the same size as those of cast lead, by means 
of a roller, or flatting mill. 

Lead pipes are sometimes made of sheet lead, by 
beating it on round wooden cylinders of the length 
and dimensions required, and then soldering up the 
edges. 

Solder is used to secure the joints of work in lead, 
which, by other means, would be impossible. It 
should be easier of fusion than the metal intended to 
be soldered, and should be as nearly as possible of 
the same color. The plumber, therefore, uses what 
is technically called ioft solder^ which is a compound 
of equal parts of tin and lead, melted together and 
run into moulds. In this state it is sold by the 
manufacturer, by the pound. 

In the operation of soldering, the surfaces or edges 
intended to be united are scraped very dean, and 
brought close up to each other, in which state they 
are held by an assistant, while the plumber applies a 
little resin on the joints, in order to prevent the oxida- 
tion of the metaL The heated solder is then brought 
in a ladle and poured on the joint ; after which it is 
smoothed and finished by rubbing it about with a 
red-hot soldering iron ; when completed, it is made 
smooth by filing. 

In the covering of roofs or terraces with lead, (the 
sheets never exceeding six feet in breadth,) it be- 
comes necessary, in large surfaces, to have joints, 
which are managed several ways, but in all the chief 
object is to have them water tight. The best plan 
of effecting this is to form laps^ or roll joints, which is 
done by having a roll or strip of wood about two 
inches square, but rounded on its upper side, nailed 
under the joints of the sheets, where the edges lap 
over each other : one of these edges is to be dressed 
up over the roll on the inside, and the other is to be 
dressed over them both on the outside, by which 
means the water is prevented firom penetrating. No 
other fastening is requisite than what is required 
firom the hammering of the sheets together down 
upon the flat ; nor should any other be resorted to 
when sheet lead is exposed to the vicissitudes of the 
weather, because it expands and shrinks, which, if 
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prevented by too much fastening, would caiue it to 
crack and become useless. It sometimes, however, 
occurs, that rolls cannot be used, and then the method 
of joining by seams is resorted to. This consists in 
simply bending the approximate edges of the lead 
up and over each other, and then dressing them down 
close to the flat, throughout their length. But this is 
not equal to the roll, either for neatness or security. 

Lead flats and gutters should always be laid with 
the current, to keep them dry. About a quarter of 
an inch to the foot is a sufficient inclination. 

In laying gutters, &c., pieces of milled lead, called 
flushings about eight or nine inches wide, are fixed 
in the walls, all round the edges of the sheet lead, 
with which the flat is covered, and are sufiered to 
hang down over them, so as to prevent the passage 
of rain through the interstice between the raised 
edge and the wall. K the walls have been previously 
built, the mortar is raked out of the joint of the 
bricks next above the edge of the sheet, and the 
flushings are not only inserted into the crack at the 
upper sides, but their lower edges are likewise dressed 
over those of the lead in the flat, or gutter. When 
neither of these modes can be resorted to, the flush- 
ings are fastened by wall hooks, and their lower 
edges dressed down as before. 

Drips in flats, or gutters, are formed by raising one 
part above another, and dressing the lead, as already 
described, for covering the rolls. They are resorted 
to when the gutter or flat exceeds the length of the 
sheet; or, sometimes, for convenience. They are 
also a useful expedient to avoid soldering the joints. 

Sheet lead is also used in the lining of reservoirs, 
which are made either of wood or masonry. As 
these conveniences are seldom in places subject to 
material changes of temperature, recourse may be 
had to the soldering without fear of its damaging 
the work, by promoting a disposition to crack. 

The pumps which come under the province of the 
plumber are confined generally to two or three kinds 
used for domestic purposes, of which the suction and 
lifting pumps are the chief; these, as well as water 
closets, are manufactured by a particular set of work- 
men, and sold to the plumber, who furnishes the lead 
pipes, and fixes them in their places. 

Plumbers' work is generally estimated by the 
pound, or hundred weight ; but the weight may be 
discovered by measurement, in the following manner: 
Sheet lead used in roofing and guttering is commonly 
between seven and twelve pounds to the square 



foot; but the following table exhibits the particular 
weight of a square foot for each of the several 

thicknesses : — 



ThiekoMB. 

• 


lbs. to A aq. foot. 


TbtckneM. 


Ibs.toa«i.fooC 


.10 


5.899 


.15 


8.848 


.11 


6.489 


.16 


9.438 


i 


6.554 


i 


9.831 


.12 


7.078 


.17 


10.028 


\ 


7.373 


.18 


10.618 


.13 


7.668 


.19 


11.207 


.14 


8.258 


i 


11.797 


+ 


8.427 


.21 


12.387 



In this table, the thickness is set down in tenths 
and hundredths, &c., of an inch ; and the annexed 
corresponding numbers are the weights in avoirdu- 
pois pounds and y^ of a pound; so that the 
weight of a square foot of -^ in. thick, ^^ is 5 iVMr 
pounds ; and the weight of a square foot, ^ in. in 
thickness, is 6-|^V pounds. Leaden pipe, of an 
inch bore, is commonly thirteen or fourteen pounds 
to the yard in length. 



GLAZING. 

The business of this class of artificers consists in 
putting glass into sashes and casements. Glaziers' 
work may be classed under three distinct heads — 
sash work, lead work, and iret work. 

The tools requisite for the performances of the 
first of these departments are, a diamond, a ranging 
lathe, a short lathe, a square, a rule, a glazing knife, 
a cutting chisel, a beading hammer, duster, and sash 
tool; and, in addition, for stopping in squares, a 
hacking knife and hammer. 

The diamond is a speck of that precious stone, 
polished to a cutting point, and set in brass on an 
iron socket, to receive a wooden handle, which is so 
set as to be held in the hand hi the cutting direction. 
The top of the handle goes between the root of the 
forefinger and the middle finger, and the hinder part 
between the point of the forefinger and thumb ; there 
is, in general, a notch in the side of the socket, which 
should be held next to the lathe. Some diamonds 
have more cuts than one. Plough diamonds have 2^ 
square nut on the end of the socket next the glass, 
which, on running the nut square on the side of the 
lathe, keeps it in the cutting direction. Glass grinders 
have these plough diamonds without long handles, 
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asy in cutting their cnrions productions, they cannot 
apply a lathe, but direct them by the point of their 
middle finger, gliding along the edge of the glass. 

The ranging lathe must be long enough to extend 
rather beyond the boundary of the table of glass. 

Ranging of glass is the cutting it in breadths as 
the work may require, and is best done by one unin- 
terrupted cut fix)m one end to the other. 

The square is used in cutting the squares firom the 
range, that they may with greater certainty be cut at 
right angles. The glazing knife is used for laying 
in the putty in the rabbets of the sash, for binding 
in the glass, and for finishing the firont putty. 

Of the glass used in building, three qualities are in 
common use, denominated besty second^ and third. 
The best is that which is the purest metal and free 
of blemishes, *as blisters, specks, streaks, &oc ; the 
second is inferior, firom its not being so firee firom 
these blemishes ; and. the third is still inferior, both 
in regard to quality and color, being of greener hue. 
They are sold at the same price per crate ; but the 
number of tables varies according to the quality. 
Best twelve, second fifteen, and third eighteen 
tables. 

These tables are circular when manufactured, and 
about 4 feet in diameter, having in the centre a knot, 
to which, in the course of the process, the flashing 
rod was fixed ; but for the safety of carriage and con- 
venience of handling, as well as utility in practice, a 
segment is cut off about 4 inches firom the knot 
The large piece with the knot still retains the name 
of table ; the smaller piece is technically called a slab. 
From these tables being of a given size, it is reason- 
able to suppose that, when the dimensions of squares 
are such as cut the glass to waste, the price should 
be advanced. 

A superior kind of glass may be obtained at some 
of the first houses in London, which is very flat and 
of large dimensions, some of it being 2 feet 8 inches 
by 2 feet 1 inch ; these are sold only in squares. 

Rough glass is well adapted to baths and other 
places of privacy; one side is ground with emery or 
sand, so that no objects can be seen through it, though 
the light be still transmitted. 

Plate glass is the most superior in quality, sub- 
stance, and flatness, being cast in plates, and pol- 
ished. The quantity of metal it contains must be 
almost, if not altogether, colorless ; that sort which is 
tinged being of an inferior quality. Plate glass, when 



used in sashes, is peculiarly magnificent ; and it can 
be had of larger dimensions than any other kind of 
glass. 

Stained glass is of different color, as red, orange, 
yellow, green, blue, and purple. These colors are 
fixed by burning, and are as durable as the glass. 

In this country, window glass is used of various 
sizes, firom 7 inches by 9 inches to 12 by 20 inches. 
It is packed by the manufacturers in boxes, contain- 
ing 60 or 100 square superficial feet. There are 
many manufactories of this article in the United 
States which usually produce glass of good quality ; 
but the reputation of Boston plate glass stands de- 
cidedly higher than any other, either of foreign or 
domestic manufacture. The << New England Com- 
pany,'' in Boston, manufacture stained glass in a style 
not surpassed in Europe. 

Glass can be bent to circular sweeps, which is 
much used in London for shop windows, and is car- 
ried to great perfection in covers, for small pieces of 
statuary, &c. 

The application of stained glass to the purposes 
of glazing is called fretwork. This description of 
work consists of working ground and stained glass, 
in fine lead, into different patterns. In many cases, 
family arms and other devices are worked in it It 
is a branch capable of great improvement, but at 
present is much neglected. Old pieces are very much 
esteemed, though the same expense would furnish 
elegant modem productions. They are placed in 
halls and staircase windows, or in some particular 
church windows. In many instances, they are intro- 
duced where there is an unpleasant aspect, in a place 
of particular or genteel resort. 

Lead work is used in inferior offices, and is in 
general practice all through the country. Frames 
intended to receive these lights are made with bars 
across, to which the lights are fastened by leaden 
bars, called saddle bars; and where openings are 
wanted, a casement is introduced either of wood or 
iron. Sometimes a sliding frame answers the same 
purposes. Church windows are generally made in 
this manner, in quarries or in squares. 

The tools with which this work is performed are, 
in addition to the foregoing, as follows : — 

A vice^ with different cheeks and cutters, to turn 
out the different kinds of lead, as the magnitude of 
the window or the squares may require. 
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The Gtonan vices, which are esteemed the best, 
are famished with moulds, and turn out lead in a 
variety of sizes. The bars of lead cast in 'these vices 
are received by the mill, which turns them out with 
two sides parallel to each other, and about | of an 
inch broad, with a partition connecting the two sides 
together, about i of an inch wide, forming on each 
side a groove, nearly } by ^ of an inch, and about 6 
feet long. 

Besides a vice and moulds, there are a setting board, 
latterkin, setting knife, resin box, tin, glazing irons, 
and clips. 

The setting board is that in which the ridge of the 
light is marked and divided into squares, struck out 
with a chalk line, or drawn with a lathe, which serves 
to guide the workman. One side and end is squared 
with a projecting bead or fillet 

The latterkin is a piece of hard wood pointed, to 
run in the groove of the lead, and widen it for the 
easier reception of the glass. 

The setting knife consists of a blade with a round 
point, loaded with lead at the bottom, and terminat- 
ing in a long, square handle. The square end of the 
handle serves to force the square of glass tight in the 
lead. All the intersections are soldered on both sides, 
except the outside joints of the outer sides — that is, 
where they come to the outer edge. These lights 
should be cemented by pouring thin paint along the 
lead bars, and filling up the chasms with dry whiting, 
to which, after the oil in the paint has secreted a lit- 
tle, a little more dry whiting, or white lead, must be 
added. This will dry hard, and resist the action of 
the atmosphere. 



PAINTING. 

Painting, as applied to purposes of building, is the 
application of artificial colors, compounded either 
with oil or water, in embellishing and preserving 
wood, &c. 

This branch of painting is termed economical^ and 
applies more immediately to the power which oil and 
varnishes possess, of preventing the action of the at- 
mosphere upon wood, iron, and stucco, by interposing 
an artificial surface ; but it is here intended to use 
the term more generally, in allusion to the decorative 
part, and as it is employed by the architect, throughout 
every part of his work, both externally and internally. 



In every branch of painting in oil, the general pro- 
cesses are very similar, or with such variations only 
as readily occur to the workman. , 

The first coatings, or layers, if on wood or iron, 
ought always to be of ceruse or white lead, of the 
best quality, previously ground very fine in nut or 
linseed oil, either over a stone with a muller, or, as 
that mode is too tedious for large quantities, passed 
through a mill. If used on shutters, doors, or wain- 
scotings, made of pine, it is very requisite to destroy 
the efiects of the knots, which are generally so cona- 
pletely saturated with turpentine as to render it, per- 
haps, one of the most difficult processes in this busi- 
ness. The best mode in common cases is to pass a 
brush over the knots with ceruse ground in water, 
bound by a size made of parchment or glue ; when 
that is dry, paint the knots vnih white lead ground 
in oil, to which add some powerful siccative, or drier, 
as red lead, or litharge of lead ; about one part of the 
latter. These must be laid very smoothly in the di- 
rection of the grain of the wood. 

When the last coat is dry, smooth it with pumice 
stone, or give it the first coat of paint, prepared or 
diluted with nut or linseed oil; after which, when 
sufficiently dry, all the nail holes or other irregulari- 
ties on the surface must be care^ly stopped wdth a 
composition of oil and Spanish white, commonly 
known by the name of putty. The work must then 
be painted with white lead and oil, somewhat diluted 
with the essence of oil of turpentine, which process 
should, if the work be intended to be left of a plain 
white or stone color, be repeated not less than three 
or four times ; and if of the latter color, a small quan- 
tity of ivory or lampblack should be added. But if 
the work is to be finished of any other color, either 
gray, green, &c., it will be requisite to provide for 
such color after the third operation, particularly if it 
is to be finished flat, or, as the painters style it, dead 
white, gray, fawn. Ate. In order to finish the work 
flatted or dead, which is a mode much to be preferred 
for all superior works, not only for its appearance, but 
also for preserving the color and purity of the tint, 
one coat of the flatted color, or color mixed up with 
a considerable quantity of turpentine, will be found 
sufficient ; although in large surfaces it will be fre- 
quently requisite to give two coats of the flatting 
color to make it quite complete. Indeed, on stucco 
it will be almost a general rule. 

In all the foregoing operations, it must be observed 
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that some sort of drier is absolutely requisite ; a very 
general and useful one is made by grinding in lin- 
seed, or perhaps prepared oils, boiled, are better, about 
two parts of the best white copperas, which must be 
well dried with one part of litharge of lead ; the quan- 
tity to be added will much depend on the dryness or 
humidity of the atmosphere at the time of painting, 
as well as the local situation of the buUding. It may 
here be noticed, that there is a sort of copperas made 
in England, and said to be used for some purposes 
in medicine, that not only does not assist the opera- 
tion of drying in the colors, but absolutely prevents 
these colors drying, which would otherwise have done 
so in the absence of the copperas. 

The best drier for all fine whites and other deli- 
cate tints is sugar of lead, ground in nut oil ; but be- 
ing very active, a small quantity, about the size of a 
walnut, wiU be sufficient for twenty pounds of color, 
when the basis is white lead. 

It does not appear that painting in oil can be ser- 
viceable in stucco, unless the walls have been erected 
a sufficient time to permit the mass of brick work to 
have acquired a sufficient degree of dryness. When 
stucco is on battened work, it may be painted over 
much sooner than when prepared on brick. Indeed, 
the greatest part of the art of painting stucco, so as 
to stand or wear well, consists in attending to these 
observations; for whoever has observed the expan- 
sive power of water, not only in congelation, but also 
in evaporation, must be well aware that when it 
meets with any foreign body obstructing its escape, 
as oil painting, for instance, it immediately resists it, 
forming a number of vesicles or particles, containing 
an acrid lime water, which forces off the layers of 
plaster, and frequently causes large defective patches, 
not easily to be eradicated. 

Perhaps in general cases, where persons are build- 
ing on their own estates or for themselves, two or 
three years are not too long to suffer the stucco to 
remain unpainted, though frequently, in speculative 
works, as many weeks are scarcely allowed to pass. 
^ The foregoing precautions being attended to, there 
can be no better mode adopted for priming, or laying 
on the first coat on stucco, than by linseed or nut oil, 
boiled with driers before mentioned — taking care, in 
all cases, not to lay on too much, so as to render the 
surface rough and irregular, and not more than the 
stucco will absorb. It should then be covered with 



three or four coats of white lead, prepared as de- 
scribed for painting or wainscoting, allowing each 
coat sufficient time to dry hard. If time will permit, 
two or three days between each layer will be advan- 
tageous. When the stucco is intended to be finished 
in any given tint, as gray, light green, &c., it will 
then be proper, about the third coat of painting, to 
prepare the ground for such a tint, by a slight ad- 
vance towards it. Gray is made with white lead, 
Prussian blue, ivory black, and lake ; sage green, pea, 
and sea greens, with white, Prussian blue, and fine 
yellows ; apricot and peach, with lake, white, and 
Chinese vermilion ; fine yellow fawn color, with 
burnt terra sienna^ or umber and white; and olive 
greens, with fine Prussian blues, and Oxfordshire 
ochre. 

Distemper, or painting in water colors mixed with 
size stucco or plaster, which is intended to be painted 
in oil when finished, but not being sufficiently dry to 
receive the oil, may have a coating in water colors, 
of any given tint required, in order to give a more 
finished appearance to that part of the building. 
Straw colors may be made with French whites and 
ceruse, or white lead and masticot, or Dutch pink. 
Grrays, full, with some whites and refiners' verditer. 
An inferior gray may be made with blue-black, or 
bone black, and indigo. Pea greens, with French 
green, Olympian green, &x^ Fawn color, with burnt 
terra de sierma^ or burnt umber and white, and so of 
any intermediate tint. The colors should all be 
ground very fine, and mixed with whiting and a size 
made with parchment, or some similar substance. 
Less than two coats will not be sufficient to cover 
the plaster and bear out with a uniform appearaBe& 
It must be recollected, that when the stucco is suffi- 
ciently dry, and it is desirable to have it painted in 
oil, the whole of the water colors ought to be re- 
moved, which may be easily done by washing, and, 
when quite dry, proceed with it after the directkm 
given on oil painting in stucco. 

If oil plastering has become disfigured by stains^ 
or other blemishes, and if it be desired to have it 
painted in distemper, it is, in this case, advisable to 
give the old plastering, when properly cleaned off and 
prepared, one coat, at least, of white lead ground in 
oil, and used with spirits of turpentine, which wUl 
generally fix old stains ; and, when quite dry, take 
water colors very readily. 



TABLES 

Showing the Weight of different Materials^ Strength of Columns^ ^., ^. 



OF THE COHSBIVE FORCE OF METALS AND WOODS. 

W^H or Ihree neeenary to tear anmder one Square Jneh^ in 

Aooirdupoii Pounds, 



KKTAL8. 
llM. 

Copper, cast 22-500 

«* wire 61-200 

Iran, east ; gray, 2 fosion.dO-OdO 

» «* English 52-000 

" " French 70-000 

" « " Boft... 63-600 
«* " German. 68-300 

Iron, wroaght 60-000 

« «* Swedish... 72-000 
«* " German . . .69K)00 



llw. 

Iron, wire 85-700-113- 

^ medium bar 60O00 

" inferior bar 30-000 

Lead, cast -880 

« milled 3%320 

Silver wire 38-257 

Steel, soft 120-000 

« fine 135-000 

^ razor, tempered . . 150-000 



WOODS. 



Iba. 

Ash, white, seasoned .... 14-000 

** red,seasoned 17-800 

Biroh ISHXX) 

Bay 14-500 

Beech. 11*500 

Box. 20-000 

Cedar 11-400 

Chestnut, sweet 10-500 

Elm 13-400 

Fir, strongest 12HX)0 

" American. 8-800 

Locust 20-500 



llM. 



Mahogany.. 21-800 

'< Spanish 12-000 

Maple 10-500 

Oak, American, white. . .11-500 

" English. lOKXX) 

'« seasoned 13-600 

Pine, pitch 12-000 

" Norway 13-000 

Sycamore 13-000 

Walnut 17-800 

Willow 13-000 



ON THE RESISTANCE TO CRU6HINO WOOD. 

According to the experiments of Rondelet, made on a hydro- 
static press, on cubes of an inch in length, it required from 5000 
to 6000 pounds per square inch to crush oak; and under this 
pressure its length was diminished more than one third. To crush 
JbTj it required from 6000 to 7000 pounds per square inch ; and 
the length was reduced one half. Mr. Rennes's trials, which are 
considered the most precise on this subject, afforded results con- 
siderably lower than those of Rondelet The following are the 
results of his experimentB : — 

Base 1 inch square, height 1 inch. Elm was crushed by 1,284 lbs. 

1,928 •« 
1,606 •* 
3,860 ** 
8,480 " 
5,147 « 
60,480 ** 
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White deal 
American pine " 
English oak *< 
AiHcan teak ^ 
length 4 inches, m «« u 
3 inches square, length 6 to 9, ^ oak 



<i 



The load a piece of timbef will bear, when pressed in the di- 
rection of its length, without risk of being crushed, may be found 



by the following rule, when the pressure is exactly in the axis of 
the piece : — 

Rule, — Multqily the area of the piece in inches by the weig^ 
that has been found capable of crushing a square inch of the same 
kind of wood. (See the preceding experiments.) Then ontfourA 
of the product will give the greatest load in pounds that the piece 
would bear with safety. 

TO SHOW THE WEIGHT OR PRESSUIIE 

A Column of Cad Iron unU $aiUdn wUh Safehf, 



Length or 

Height In 

feet 




















8 


10 


13 


14 


16 


16 


30 


22 


24 


Tltamatrr 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 




In ewtt. 


In cvta. 


in cwti. 


in cwti. 


in ewti. 


in cwti. 


in evts. 


In cwti. 


in cvta. 


2iin. 


91 


77 


65 


55 


47 


40 


34 


29 


25 


3 " 


145 


128 


111 


97 


84 


73 


64 


56 


49 


31 ** 


214 


191 
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156 


135 


119 


106 


94 


83 


4 " 


288 


266 


242 


220 


198 


178 


160 


144 


130 


Ah " 


379 


a54 


327 


301 


275 


251 


229 


208 


189 


5 " 


479 


452 


427 


394 


365 


337 


310 


285 


262 


6 " 


573 


550 


525 


497 


469 


440 


413 


386 


360 


7 " 


989 


959 


924 


887 


848 


808 


765 


725 


686 


8 « 


1289 


1259 


1224 


1185 


1142 


1097 


1052 


1005 


959 


9 «* 


1672 


1640 


1603 


1561 


1515 


1467 


1416 


1364 


1311 


10 « 


2077 


2045 


2007 


1964 


1916 


1865 


1811 


1755 


1697 


11 " 


2520 


2490 


2450 


2410 


2a'>8 


2305 


2248 


2189 


2127 


12 " 


3020 


2970 


2930 


2900 


2830 


2780 


2730 


2670 


2600 



SHOWING THE WEIGHT 

OfooLid C^inden of Cad iron^ twelve btdnu Jotig, in Avoirdupou 

Pounds. 



Inchat 


Weight 
inibii: 


InGhM 


Weigfal 


Incbee 


Weight 


Inches 


Weight 


diam. 


diam. 


inlba. 




inlba. 


diam. 


inlba. 




1-394 


21 


15-492 


41 


50-193 


8 


158-638 




1-897 


21 


17-080 


4i 


55-926 


81 


179K)87 




2-478 


21 


18745 


5 


61 -968 


9 


200-774 




3137 


2i 


20-488 


5i 


68-319 


91 


223-704 




3-873 


3 


22-308 


51 


74-981 


10 


247-872 




4-686 


31 


24-206 


5i 


81-925 


101 


273-278 




5-577 


3i 


26-181 
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89-234 


11 


299-925 
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31 


28-234 


61 


96-825 


111 


327-811 
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3i 


30-364! 


61 


104-726 


12 


356-935 
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32-572 
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112-996 
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9-915 


31 


34-857 


7 


121-457 


14 


485-830 


2i 


11-193 


3} 


37-219 


71 


130-287 


15 


557-712 


2i 


12-548 


4 


39-660 


71 


139-428 


16 


634-552 


21 


13-981 


Ak 


44-771 


71 


148-878 







Note. — Cubic inches of cast iron X "263 ^ lbs. avoirdupoia. 
Circular inches of cast iron X '206$ »» lbs. aToirdupoisj 



WEIOHT or OAn'-HETAL CTUNBERS. 

The cylinders are solid, each one foot in length. 





Imn CyllBde™. 


Cop|»>rC,luMlenL 


Bnm l-jlinjf H. 


L,«JCy,L„d.^ 












1 


S-5 


3K) 


2-£> 


3-il 


a 


i)^ 


ia-0 


11-4 


15-5 


3 


22-1 


27-0 


i.>5-8 


34-8 


4 


3!>-3 


47-!) 


45-d 


61-i) 


5 


61-4 


74-',i 


7 Hi 


INl-? 


6 


*«'4 


L07-tl 


■ IWJ-O 


i;k)'3 


7 


]-30-;i 


14H-8 


140-2 


IrtHl 


8 


157-I 


l'il-7 


l«.)-2 


:U7-7 




l!l8-ri 


L'-l-J-7 


2:(l'a 


3i;5-4 


10 


24.1-4 


•,>!i;i'5 


2Wi-2 


:}f7-ii 



WKLUilT OP CAST-IRON PIPES. 

This table shoH-a tlic woi^lit nf pipes one foot long, of bores 
from 1 inch to 12 inchR< in tlbiuptcr, ndvancing by one fniirtli 
of an inch; and of tliicknL's.^on fnini imo fourth of an inch to one 
ond one fourtb iucli, advjncnig by one eig-htli of nn incli. 



- 


>i 


K 


J. 


.^ 


?i 




1 


1^ 


... 
























.TI 


.VI 


7-4 


1(H) 




KM 




23-5 




14 


37 


IHI 


Hii 


11-5 


14-7 


1«-3 


•M\ 


a(i-2 




U 


4;) 


(Ml 


!I-J< 


IJUt 


KHi 


20-4 


24-5 


2!!-n 


33-7 


H 


4-9 


7-H 


ll-l 


Mil 


IW-4 


22<t 


a7^^ 


31-K 


3fr8 


2 


S-.-i 


K'H 


1-^3 


lfi-1 




■i(-7 


«)-.i 


;m-5 




yt 


(i-l 


ii'7 


I3-.1 


17ii 


22-1 


an-H 


31 -it 


:t7-;i 


m-o 


•A 


6-7 


IlMi 


14-7 


ISMi 


a;t-ii 


26-i» 


:t4-4 


40-0 


4(!-0 


21 


7-4 


IIS 


lti-0 


ao-7 


Vf>-7 


31-1 


.■Jii-8 


4a-p 




;t 


m 


ia-4 


17-2 


2-^2 


wi; 


:mt 


:t!i-3 


4.11! 


.12-3 


■n 


K-<i 


12-3 


lf!-4 


-it-H 


21I-.1 


:i>-4 


41-7 


4.-<-3 


.1.1-2 


a* 


JK2 


14-2 


I'Hi 1 2.1-3 


.■n-3 


.■t7-(i 


44-'> 


.-ill 


58-3 


:f:| 




I.V2 


20-1P -ili-!) 


;«■! 


311-7 


4ti-(i 


.i;j-8 




4 


10-4 


IIH 


.J,;, 


yH-4 


;t-.-(i 


41 !l 


4!ll 


.Hi-(i 


tU-4 






171 






^li-^i 


441 


5HI 


-.'.■4 




44 


11-7 


IHI 


24-.'; 


31-4 


.■tH-7 


4(1-2 


54 


(rai 




4] 


123 


1H-S» 


2^-.-H 


:tfO 


4(l-.1 


4M'3 


.Ki-5 


(!4-!) 


7.t-fi 






IH-H 


V7-II 






.Kl-.'i 








."1+ 


l.tA 


i«0-7 


2ri-'.( 


:tf!-l 


44-2 


.la-)! 


fil-4 


70-4 




!>\ 


141 


a Hi 


a-Ki 


.■t7-f; 


4fi-() 


.-ii-rt 


(W-8 


73-9 


82-8 


.-H 


14-7 


22-H 


:((i-7 


.-fill 


47-)! 


.n;-!» 


(iH-3 


7(!i) 


8.1-i! 




l.Wl 


Wl-.-i 


3I-'I 


40-7 




.1!l-l 


(W-7 


78-7 




tit 


lli-O 


24-4 


W-l 


4-.>-2 


51-5 


(il-2 


71-2 


81-a 




•M 


IIH> 




:i4-4 


43-7 


.'■>:i4 


l>:j-4 


73-4 


H4,? 


SW-l 


"1 


17-2 


a(i'2 ; '.a-a 


4.'>-;{ 


r>.i-i> 


li.1-:{ 


7(i-l 






7 


l7-t( 


27-2 ■ :(.i-8 


4(i-H 


.Kl-H 


(J7-7 


7ft-.1 






?i 


IH^ 


2t*l 


:w-i 


4H-I 


.Wt 


IHV8 


rtl-d 


•ji-r, 


iai-2 1 


7* 


1!Mt 


?!W1 


;ci-l 


4'i-'l 




72^1 


St-S 






^1 


l!HS 


«>-7 


40-5 


51-4 


(.■a-(> 


74-1 


K1-!l 








yo-W 


;flf-H 


4P-7 


.1>-!1 


(M-4 




tW-4 


10(!-H 


113-5 1 


f^i 


•MHt 


31-V 




.>!■.■> 


(Ki-3 


7H-4 


!>0-8 


l(i::-.1 




^ 


21-7 


S'MI 


44-4 


.KW 


(i-j-;i 


Kil-M 


!Gt-S 


Kurt 


liii-s) 


H! 


a!M 


:tM; 


4.1-4 


57-.1 


70-0 




!).1-7 


W.H 


1-22-7 


» 


22-7 


:t4-f> 








H4-rt 


<M'l 






»t 


2:w 


;Ki-4 


47-!» 


liO-fi 




M7-II 


100-(i 


114-1! 


I28-'l 


!M 


■MW 


3(i-4 


4!tl 


(i-J-l 


7.1-5 


8H-1 


Wi-I 


117-4 


131-!) 


!1 


24-(i 


37-3 


.KKl 


(«-7 


77-H 


HI -3 


10.15 


120-1 


iai-0 




2.1-2 


38.yf 


51-5 


ILV^ 


7<t-? 


!W-4 


108-0 


1228 


l:t8-l 


w* 


2.Vrt 


3!H 


.1J-rt 


(ki-7 


Hl-fl 


%•(! 


IKM 


12.1-fi 


141-1 


1(4 


21 H 


4IM) 


.14-0 


(W-:t 


na-M 




112-!) 


128-4 


144-2 


101 


••7-n 


41-0 


.1.1-2 ir.t-i' ; 84-7 


MMt 


115-4 


131-2 


147-3 


11 


27H 


41-!l 1 Sfi-.l ' 713 ' Stv5 


llW-d 


117-« 


i:tt-fi 


150-3 


i'i 


•J^-2 


42-8 ]. 57-7 ^.'-i W-4 


104-2 


12I1-3 


i:«i-7 


1.1.1-4 


IH 


W-rt 


4-3-7 ' fifl-!) 74-4 i 'W-a 


T(Mi-:i 


1227 


i:ei-4 


15()-4 


111 


2!i-r> 


44-(i 1 (H)-l 1 75-!! !f>-0 


l(W-5 


I'AW 


14'.V^( 


159-5 




301 


45-0 lci-4i 77-5 !«■(> 


110-G 


VJffiS 


145-0 


l(i^^5 



WEIGHT or METAL PLATBB. 



This table shows the weight of a square foot of difi^nt metal 
plates, of thicknesses from one sixteenth of an inch to one inch, 

advancing by a. sixteenth. 





Wrougbl 


Cul 


C>«l 


CUKI 


Casl 


Chi 




Cmi 




lion. 


Iron. 




Brus. 








Silver. 


leiiii. 


Lb*. 


IM. 


Itx. 


ll». 




JIh. 


IIh. 


lU. 


1 


2-5 


a-a 


2-9 


9-7 


3-7 


2-3 


•2-4 


3-4 


2 


5-1 


4-7 


5-7 


.1-5 


7-4 


4-7 


4-7 


fi-8 
















7-1 


10-2 


4 


lO-l 


9-4 


11-4 


11-0 


14-8 


9-4 


9-5 


13-0 


.1 


12-7 


11-7 


14-3 


1.1-7 


18-5 


11-7 


IHI 


17-0 


ti 


15-2 


14-0 


17-2 


l(i-4 


22-2 


]4-(l 


14-2 


20-5 


7 


17-9 








25-9 


i(;'4 


1(W! 


03... 
















19-0 




9 












■J 1-1 


21-4 




10 


25-4 


v:{-5 


28(; 


27-4 


3(>-9 


■.^t-4 


m-7 


-341 


11 


27-9 


25-8 


31-4 


30-1 


41M! 


25-7 


2H-1 


37-5 


ly 


30-4 


28-1 


:J4-3 


:f2-!P 






28-5 




13 


.H-SI 


:«K1 


37-2 


.■t.1-(> 


48-0 


:w-4 


.tO-fl 


443 


14 


35-5 


3-2-11 


40-0 


3-J-3 


.11-7 


:t2-8 


:«-2 


477 


1.1 


38-0 


35-2 


42-9 


41-2 






35-6 


51-1 


16 


40-6 


37-6 


45-8 


43-9 


59-1 


37-5 


38-0 


54-(; 



THE WEIGHT, IN P 



08, OF A FOOT IN LENGTH C 



F THE WEIGHT OF A 



iiic FOOT OF vARioira bubstaxce!*, 
I Uaefor Bailding. 









ihf>. 


















Common Soil 






..124 


Strong Soil 






to 135 






















.!(» 
toKCT 
.3037 
.3429 














Common Soil, one cubic 


yard 





170 



TABLES. 



THE NUMBER OP NAILS AND SPIKES TO THE POUND, 

Of various Sizes, as manufactured at the Troy Iron and JStaXL Fac' 

tory, wV. Y. 



8ize of 1 


Nil in tier 


Boat Dinm. 


No.Spiko!«' 


Ship Diam. 


No.Spikes 


Nails. 


totholl). 


Spikes, (if R(id. 


to ibe lb. 1 


Spikes, of Rod. 


to the lb. 


3 penny 


600 


No. 4 


i 


13 


No. 4 


A 


8 


4 " 


3fK) 


" 5 


A 


8 


" 5 


1 


6 


6 " 


200 


" 6 


1 


5 


« 6 


1 


5 


8 « 


110 


u 7 


i 


4 


" 7 


i 


Si 


10 " 


88 








" 8 


i 


3 


12 " 


GS 








" 9 


A 


2 


20 " 


40 








" 10 


A 


U 



FOR FINDING THE STRAIN THAT MAY BE APPLIED TO A HEMPEN 

ROPE WITH SAFETY. 



Circum- 
fenince. 


Pounds. 


Ciirum- 
ference. 


Poundd. 


Circum- 
ference. 


Pounds. 


Circum- 
ference. 


Pounds. 

8450K) 


1-00 


200-0 


3-00 


1800-0 


4-75 


4512-5 


6-50 


1-25 


312-5 


3-25 


2112-5 


5-00 


5000-0 


6-75 


9112-5 


1-50 


450-0 


3-50 


2450-0 


5-25 


5512-5 


7-00 


9800-0 


1-75 


612-5 


3-75 


2812-5 


5-50 


6050-0 


7-25 


10512-5 


2-00 


800-0 


4-00 


3200-0 


5-75 


m\2'5 


7-50 


11250-0 


2-25 


1012-5 


4-25 


3612-5 


6-00 


7200-0 


7-75 


12012-5 


2-50 


1250-0 


4-50 


4050-0 


6-25 


7812-5 


8-00 


12800-0 


2-75 


1512-5 















WEIGHTS OF COPPER AND SPIKES 



Size. 

i 
t 
1 
i 

1 

u 
u 


Weight of! 

Cop'r Bolls, 

per foot 


Number of CompoKition 
Spikes to the lOU lbs. 


WeiphI of BheathinK Copper, and 

Yellow Sheathing Metal* 

per sheet. 


lbs. 

•7567 
1-1824 
1-7027 
2-3176 
3-0270 
3-8312 ' 
4-9298 


5 in. round head, 500 , 

5 " square " 434 
;5i" " " 400' 

6 " " « 377. 

6i" " " 2<>5 
17 u »4 u 275 

7i« " « 210 
8 " " " 200 
8i" ♦* " 148 


Size. 


Weight. 


Size. 


Weight. 


ounces. 

14 
16 
18 
20 
22 


4 1 

4 10 

5 4 

5 13 

6 7 


ounces. 

24 
26 
28 
30 
32 


lbs. ozs. 

7 

7 9 

8 3 

8 12 

9 5 



WEIGHT OP LEAD PIPES, TWELVE INCHES LONG. 



BHOWING THE CONTENTS OF BRICK WALLS, NO. OF BRICKS, fcc. 

This table is calculated in round numbers, and is not far from 
the average of walls made of the Charlestown, Fresh Pond, or 
eastern bricks — the latter being about two thirds the size of the 
two former. 



*T ^ - _ 


Width of Bricks 


Thickness 


Na of Bricks 


Contents of 


Number 


to a superficial 


of Wall, in 


to a superficial 


Wall, in su- 


of Bncks. 


foot 


inches. 


fboL 


perficial feet. 


1000 


1 


4 


7 


143 


«i 


2 


8 


14 


71 


u 


3 


12 


21 


47i 


u 


4 


16 


28 


35^ 


u 


5 


20 


35 


281 


u 


6 


24 


42 


23i 


u 


7 


28 


49 


20j^ 


u 


8 


32 


56 


171 


" 


9 


36 


63 


151 



1 cask of lime will plaster about 50 yards. 

1 cask will skim about 200 yards. 

4 casks will ordinarily employ 45 bushels of sand. 

1 cask will ordinarily employ 5 pecks of hair. 
00 yards of plastering will cover 1000 laths. 
100 pounds of threepenny nails will lay 900 yards. 



ft in. 


thick, from 1 to 3 inches bore. 


\ in. thick, from 1 to 3 inches bore. 


Size. 
1 


Weight 


Size. 
11 


Weight 


Size. 

2^ 


Weight 


Size. 
1 


Weight 


Size. 


Weight 


Size. 

2d 


Weifrfat. 


2-19 


3-()4 


5-09 


4-85 


1:1 


7-76 


10-66 


u 


2-43 


u 


3-8:3 


21 


5-33 


1ft 


5-34 


n 


8-17 


2d 


1M5 


u 


2-(J6 


2 


4-12 


21 


5-57 


u 


5-81 


2 


8-73 


2} ll-t>3 1 


If ' 2-91 


2ji 


4-2J> 


25 


5-82 


If 


6-3 


2ft 


9^1 


2i 


1212 


n ; 315 i 2i 


4-61 


3 6-06 


u 


()-79 2i 


9-7 


3 


12-61 


u 


3-3i) 1 21 


4-i»2 


■ 


11 


7-27 21 


10-25 ! 





OF CYLINDRICAL MEASURES, 

Designed for the computation of the contents of lead pipes, from 
1 inch diameter to 3 and upwards ; also, cisterns of 10 feet di- 
ameter and under ; and the quantity and weight of water in 
pumps, suction pipes, &c., of 1 inch diameter and upwards. 



Inches 
diameter. 


Cubic feet 

and decimal 

parts. 


Ale gallons 
and parts. 


W^ine gal- 

lon5( and 

parts. 


Weight of 

water in lbs. 

and parts. 


Dry buphrls 
and parts 


1 


•0055 


•033 


•04 


-34 


•0044 


2 


•0218 


•134 


-16 


1-36 


-0175 


3 


•0491 


•301 


•37 


3-06 


•a3J)4 


4 


•0873 


•534 


■65 


5-45 


-0700 


5 


•KW 


•«^ 


1-02 


8-52 


-110 


d 6 


•196 


1^20 


1-47 


12-27 


•158 


§ 7 


•267 


l-iH 


2-00 


16-70 


•215 


ns g 


•349 


2-14 


2-61 


21-82 


•281 


8 i> 


•442 


2-71 


3-30 


27-(>l 


•355 


i 10 


•545 


3-34 


4-08 


34-09 


•438 


i 11 


•(3(50 


4-04 


4-94 


41-25 


•530 


^ 12 


•785 


4-81 


5-88 


4J^09 


•6:31 


^ ^ 


3-14 


19-25 


23-52 


196-36 


2-521 


1 36 


7-07 


43-30 


52-92 


441-79 


5-68 


g 48 
'B 50 


12-57 


77-00 


9408 


785-44 


10-10 


13-64 


83-55 


102-00 


852-21 


11-00 


H 60 


19-64 


120-30 


146-88 


1227-19 


15-78 


72 


28-28 


173-20 


211-51 


1767-15 


22-72 


84 


;38-49 


235-81 


287-88 


2405-28 


30-92 


96 


50-27 


308-00 


376-01 


3141-59 


40-39 


108 


63-62 


389-79 


475-89 


3976-08 


51-12 


120 


78-54 


481-25 


587-52 


4903-74 


63-11 



N. B. If the diameter should fall between any of the nnmbera 
in the first column, the mean proportional contents may be found 
by adding the two contents between which it falls, and dividing 
by 2. Suppose it falls between 108 and 120 of the diameters, re- 
quired the wine gallons in 114 inches, or 9 feet 6 inches diameter, 
which falls between 587-52 

and 475-89 



2 ) 1063-41 



Answer, 531 -70^ 

Or, if between 60 and 72, say 64 inches, or 5 feet 4 inches ; one 
third of 12 is 4 ; then required the cubic feet and parts. 

28-28 
Subtract 19-64 



Divide 
Add 



3)8-64 

2-88 
19-64 



Answer^ 22-52 

Any depth may be found, by multiplying by the depth any of 
the numbers in the contents ; as, required me number of ale gal- 
lons in 24 inches diameter, at 6 feet deep. 

19-25 
6 



Answer, 



115-50 



n 
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GLOSSARY 



OF 



ARCHITECTURAL TERMS 



Abacus The upper member of the capital of a oolamn whereon the 
architrave rests. Seammozzi ases this term for a concave moulding 
in the capital of the Toscan pedestal, which, considering its etymol- 
ogy, is an error. 

Abutment. The solid part of a pier, from which an arch springs. 

Acanthus. A plant called in English bear's breech^ whose leaves 
are employed for decorating the Corinthian and Composite capitals. 
The leaves of the acanthus are used on the bell of the capital, and 
distinguish the two rich orders from the three others. 

Accompaniments. Buildings or ornaments having a necessary con- 
nection or dependence, and which serve to make a design more or 
less complete — a characteristic peculiarity of ornaments. 

AccouPLEMENT. Among carpenters, a tie or brace ; sometimes the 
entire work, when framed 

AcsoTEBiA. The small pedestals placed on the extremities and apex 
of a pediment. 

Admeasurement. Adjustment of proportions ; technically, an esti- 
mate of the quantity of materials and labor of any kind used in a 
building. 

Alcove. The original and strict meaning of this word, which is 
derived from the Spanish alcoba^ is that part of a bed-chamber in 
which the bed stands, and is separated from the other parts of the 
room by columns or pilasters. 

Amphipbosttle. In ancient architecture, a temple with columns 
in the rear, as well as in the front. 

Amphitheatre. A double theatre, of an elliptical form, on the ground 
plan, for the exhibition of the ancient gladiatorial fights and other 
shows. 

Ancones. The consoles or ornaments cut on the keys of arches, 
sometimes serving to support busts or other figures. 

AiTNULET. A small, square moulding, which crowns or accompanies 
a larger. Also, that fillet which separates the flutings of a column. 
It is sometimes called a list^ or listeUa, which see. 

Ant£. A name given to pilasters attached to a wall. 

Apophtge. That part of a column between the upper fillet of the 
base and the cylindrical part of the shaft of the column, which 
is usually curved into it by a cavetto. 

Abjeosttle. That style of building in which the columns are dis- 
tant four, and sometimes five, diameters from eacJi other ; but the 
former is the proportion to which the term is usually applied. This 
columnar arrangement is suited to the Tuscan order only. 

Arcade. A series of arches, of apertures, or recesses, a continued 
covered vault, or arches supported on piers or columns instead of 
galleries. In Itnlian towns, the streets are lined with arcades like 
those of Covent Ganli'ii ami the lioyal Exchange. 

Ak( 11. A'l arrfiil aniinueiii'nr of hrick**, stones, or other materials. 



in a curvilinear fbrm, which, by their mutual pressure and support, 
perform the office of a lintel, and carry superincumbent weights — 
the whole resting at its extremities upon piers or abutments. 

Arch Buttbess, or Flytno Buttress, (in Gothic architecture,) an 
arch springing from a buttress or pier, and abutting against a wall. 

Archeion. The most retired and secret place in Grecian temples, 
used as a treasury, wherein were deposited the richest treasures 
pertaining to the deity to whom the temple was dedicated. 

Architect. One who designs and sup'jrlntends the erection of 
buildings. 

Architrave. The lower of the primary divisions of the entabla- 
ture. It4s placed immediately upon the abacus of the capital. 

Astragal. From the Greek word for a bone in the foot, to which 
this moulding was supposed to bear a resemblance. A small 
moulding, whose profile is semicircular, and which bears also the 
name of talon, or tondino. Tlie astragal is often cut into beads 
and berries, and used in ornamental entablatures to separate the 
faces of the architrave. 

Attic. A term that expresses any thing invented or much used in 
Attica, or tlie city of Athens. A low story erected over an order 
of architecture, to finish the upper part of the building, being chiefly 
used to conceal the roof, and give greater dignity to the design. 

Attic Base. See Base, 

Attic Order. An order of low pilasters, generally placed over some 
other order of columns. It is improperly so called, for the arrange- 
ment can scarcely be called an order. 

AuRiEL, or Oriel, (in Gothic architecture,) a window projecting out- 
wards for private conference ; whence its appellation. 

Balcony. A projection from the surface of a wall, supported by 
consoles or pillars, and surrounded by a balustrade. 

Baluster. A small pillar or pilaster, serving to support a rail. Its 
form is of considerable variety, in different examples. Sometimes it 
is round ; at other times square : it is adorned with mouldings and 
other decorations, according to the richness of the order it accom- 
panies. 

Balustrade. A connected range of a number of balusters on bal- 
conies, terraces around altars, &c. See Baluster. 

Band. A term used to express what is generally called Sk face or 
facia. It more properly means a flat, low, square, profiled member, 
without respect to its place. That from which the Corinthian or 
other modillions or the dentils project is called the modillion band, 
or the dentil band, as the case may be. 

Bandelet. A diminutive of the foregoing term, used to express any 
narrow, flat monUling. The txenia on the Doric architrave is called 
it< hatuul't. 
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GLOSSARY OF ARCHITECTURAL TERMS. 



Bahkek. a stone bench, on which maBoni cut and sqoare their worlL. 

Banquet. The footway of a bridge raised above the carriage-way. 

Babrbl Drain. A drain of the form of a hollow cylinder. 

Babe. The lower part of a column, moulded or plain, on which the 
shaft is placed. 

Basement. The lower part or story of a building, on which an 
order is placed, with a base or plinth, die, and cornice. 

Basil. A word used by carpenters, &c., to denote the angle to which 
any edge tool is ground and fitted for cutting wood, &c. 

Basin, en Coquille, that is, shaped like a shell. 

Basin is likewise used for a dock. 

Basket. A kind of vase in the form of a basket, filled with flowers 
or fruits, serving to terminate some decoration. 

Basilica. A town or court hall, a cathedral, a palace, where kings 
administer justice. 

Basso Rilievo, or Has Belief. The representation of figures pro- 
jecting from a background, without being detached from it. Though 
this word, in general language, implies all kinds of rilievoes, from 
that of coins to more than one half of the thickness from the back- 
ground. 

Bath. A receptacle of water, appropriated for the purpose of 
bathing. 

Batten. A scantling of stuff from two to six inches broad, and 
from I to two inches thick, used in the boarding of floors ; also upon 
walls, in order to secure the lath on which the plaster is laid. 

Batter. When a wall is built in a direction that is not per- 
pendicular. 

Battlements. Indentations on the top of a parapet, or wall, first 
used in ancient fortifications, and afterwards applied to churches 
and other buildings. 

Bat, (in Gothic architecture,) an opening between piers, beams, or 
mullions. 

Bat Window. See Auriel. 

Bead and Flush Work. A piece of panel work, with a bead run on 
each edge of the included panel. 

Bead and But Work. A piece of framing in which the panels are 
flush, having beads stuck or run upon the two edges with the grain 
of the wood in their direction. 

Bed Mouldings. Those mouldings in all the orders between the 
corona and frieze. 

Billet Mocldino, (in Gothic architecture,) a cylindrical moulding, 
discontinued and renewed at regular intervals. 

Boltel, (in Gothic architecture,) slender shafts, whether arranged 
round a pier, or attached to doors, windows, &c. The term is also 
used for any cylindrical moulding. 

Boss, (in Gothic architecture,) a sculptured protuberance at the inter- 
junction of the ribs in a vaulted roof. 

Bos8a(;k. (A French term.) Any projection left rough on the face 
of a stone for the purpose of sculpture, which is usually the last 
thing finished. 

Boultin. a name given to the moulding, called the egg or quarter 
round. 

Broacu, (in Gothic architecture,) a spire, or polygonal pyramid, 
whether of stone or timber. 

Bracket, (in Gothic architecture,) a projection to sustain a statue, or 
other ornament, and sometimes supporting the ribs of a roof. 

Bulk. A j)iece of timber from four to ten inches square, and is some- 
times called ranging timber. 

Buttress, (in Gothic architecture,) a projection on the exterior of a 
wall, to strengthen the piers and resist the pressure of the arches 
witliin. 

• 

Cablin*;. The filling up of the lower part of the fluting of a column 



with a solid cylindrical piece. Flntings thus treated an said to be 
cabled. 

Caisson. A name given to the sunk panels of yarions geometrical 
forms, symmetrically disposed in flat or vaulted ceilings, or in soffits, 
generally. 

Canopt, (in Gothic architecture,) the ornamented dripstone of an arch. 
It is usually of the ogee form. 

Canted, (in Gothic architecture,) any part of a building having ita 
angles cut off is said to be canted. 

Capital. The head or uppermost part of a column or pilaster. 

Carpenter. An artificer whose business is to cut, fashion, and join 
timbers together, and other wood, for the purpose of building : the 
word is from the French charpentier^ derived from charpentie, which 
signifies timber. 

Carpentry, or that branch which is to claim our attention, is divided 
into three principal heads, viz., Constructive, Descriptive, and Me- 
chanical ; of these, Descriptive carpentry shows the lines or methods 
for forming every species of work in piano, by the rules of geometry ; 
Constructive carpentry, the practice of reducing the wood into par- 
ticular forms, and joining the forms so produced, so as to make a 
complete whole, acconiing to the intention of the design ; and Me- 
chanical carpentry displays the relative strength of the timbers, and 
the strains to which they are subjected by their disposition. 

CARTorcif. The same as modillions, except that it is exclusively used 
to sij^nify those blocks or modillions at the eaves of a house. See 
MtHlillion. 

Caryatides. Figures of women, which serve instead of colanms to 
support the entablature. 

Casement. The same as Scotia, which see. The term is also used 
for a sash hung upon hinges. 

Cauliculus. The volute or twist under the fiow-r^r, in the Corinthian 
capital. 

Cavetto. a hollow moulding, whose profile is a quadrant of a circle, 
principally used in cornices. 

Cell. See Naos. 

Cincture. A ring, list, or fillet, at the top or bottom of a column, 
serving to divide the shaft of the column from its capital and base. 

Chamfer, (in Gothic architecture,) an arch, or jamb of a door, 
canted. 

Champ, (in Gothic architecture,) a flat surface in a wall or pier, as 
distinguished from a moulding, shaft, or panel. 

CiNQUEFOiL, (in Gothic architecture,) an ornamental figure, with five 
leaves or points. 

Column. A member in architecture of a cylindrical form, consisting 
of a base, a shaft or body, and a capital. It diflfers from the pilaster, 
which is scjuarc on the plan. Columns should always stand per- 
pendicularly. 

Composite Order. One of the orders of architecture. 

Cope, Coping, (in Gothic architecture.) the stone covering the top of 
a wall or parapet. 

Corbel, (in Gothic architecture.) a kind of bracket. The term is 
generally used for a continued series of brackets on the exterior of 
a building supporting a projecting battlement, which is called a 
coi'bei table. 

Corinthian Order. One of the orders of architecture. 

Cornice. The projection, consisting of several members, which 
crowns or finishes an entablature, or the body or part to which 
it is annexed. The cornice used on a pedestal is called the cap of 
the pedestal. 

Corona, is that flat, square, and massy meml)er of a cornice, more 
usually called the drip or larmier, whose situatioTi is between the 
cimatium above and the bed moulding below. Its nsc is to cjutv 
the water, drop by drop, from the building. 
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CoKKiDOB. A galleiy or open commnnication to the different apart- 
ments of a faoase. 

CoRSA. The name given by Vitmvius to a platband or square facia, 
whose height is more than its projecture. 

Cbenelle, (in Gothic architecture^ the opening of an embattled 
parapet. 

Crest, (in Gothic architecture,) a crowning ornament of leaves run- 
ning on the top of a screen or other ornamental work. 

Ckocket, (in Gothic architecture,) an ornament of leaves, running up 
the sides of a gable, or ornamented canopy. 

Cupola. A small i-oom, cither circular or polygonal, standing on the 
top of a dome. By some it is called a lantern. 

CusHioyED. See Frieze, 

Cusp, (in Gothic architecture,) a name for the segments of cirdeB 
forming the trefoil, quatrefoil, &c. 

Ctma, called also Cyinatium, its name arising from its resemblance to 
a wave. A moulding which is hollow in its upper part, and swelling 
below. 

Decagon. A plain figure, having ten sides and angles. 

Decastyle. a building having ten columns in front 

Decempeda. {Decern^ ten, and j>€s^ foot, Lat) A rod of ten feet, 
used by the ancients in meusuring. It was subdivided into twelve 
inches in each foot, and ten digits in each inch ; like surveyors' rods 
used in measuring short distances. tSbc. 

Decimal Scale. Sculcs of this kind are used by draughtsmen, to 
regulate the dimensions of their drawings. 

Decoration. Any thing that enriches or gives beauty and ornament 
to the orders of architecture. 

Demi Metope. The half a metope, which is found at the retiring or 
projecting angles of a Doric frieze. 

Dentils. Small, square blocks Or projections used in the bed mould- 
ings of the cornices in the Ionic, Corinthian, Composite, and some- 
times Doric orders. 

Details of an Edifice. Drawings or delineations for the use of 
builders, otherwise called working plans. 

Diagonal Scale is a scale subdivided into smaller parts by second- 
ary intersections or oblique lines. 

Diameter. The line in a circle passing from the circumference 
through the centre. 

Diamond. A sharp instrument formed of that precious stone, and 
used for cutting glass. 

Diapered, (in Grothic architecture,) a panel, or other flat surface, 
sculptured with flowers, is said to be diapered. 

Diabtyle. That intercolumniation or space between columns, con- 
sisting of three diameters — some say four diameters. 

Die, or Dye. A naked, square cube. Thus the body of a pedestal, 
or that part betweeu its base and cap, is called the die of the pedes- 
tal. Some call the abacus the die of the capital. 

Dimension. (Z><me<tor, Lat) In geometry, is either length, breadth, 
or thickness. 

Diminution. A term expressing the gradual decrease of thickness 
in the upper part of a column. 

Dipteral. A term used by the ancients to express a temple with a 
double range of columns in each of its flanks. 

Dodecagon. A regular polygon, with twelve equal sides and 
angles. 

Dodecastyle. a building having twelve columns in front. 

Dome. An arched or vaulted roof, springing from a polygonal, circu- 
lar, or elliptic plane. 

Doric Order. One of the five orders of architecture. 

Dormant, or Dormer Window, (in Gothic architecture,) a window 
set upon the slope of a roof or spire. 



DooKB. Flat pieces of wood, of the shape and size of a brick, in- 
serted in brick walls, sometimes called plugs or wooden bricks. 

DooR. The gate or entrance of a house, or other building, or of an 
apartment in a house. 

Dormitory. A sleeping-room. 

Drawing, or Withdrawing-room. A large and elegant apart- 
ment, into which the company withdraw after dinner. 

Dressing-room. An apartment contiguous to the sleeping-room, 
for the convenience of dressing. 

Drip, in (Gothic architecture,) a moulding much resembling the d- 
matium of Roman architecture, and used for the same purpose as a 
canopy over the arch of a door or window. 

Drops. See Gutta, 

EcHnnrs. The same as the ovolo or quarter round ; but perhaps it if 
only called echinus with propriety. 

Edging. The reducing the edges of ribs or rafters, that they may 
range together. 

Elbows of a Window. The two panelled flanks, one under each 
shutter. 

Elevation. A geometrical projection drawn on a plane, perpendic^ 
ular to the horizon. 

Embankments are artifidal mounds of earth, stone, or other materi- 
als, made to confine rivers, canals, and reservoirs of water within 
their prescribed limits ; also for levelling up of railroads, &c. 

Embrasure, (in Gothic architecture,) the same as Crenelle^ which see. 

Encarpub. The festoons on a frieze, consisting of fruits, flowers, and 
leaves. See Festoon. 

Entablature. The assemblage of parts supported by the column. 
It consists of three parts — the architrave, frieze, and cornice. 

Entail, (in Gothic architecture,) delicate carving. 

Entasis. The slight curvature of the shafts of ancient Grecian col- 
umns, particularly the Doric, which is scarcely perceptible, an4 
beautifully graccf u 1 . 

Entresol. See Mezzanine, 

Epistylum. The same as Architrave^ which see. 

Eustyle. That intercolumniation which, as its name would import, 
the ancients considered the most elegant, namely, two diameters 
and a quarter of a column. Vitriivius says this manner of arran- 
ging columns exceeds all others in strength, convenience, and beauty. 

Facade. The face or front of any considerable building to a street, 
court, garden, or other place. 

Facia. A fiat member in the entablature or elsewhere, being in fiict 
nothing more tlian a band or broad fillet 

Fane, Puane, Vane, (in Grothic architecture,) a plate of metal usu- 
ally cut into some fantastic form, and turning on a pivot, to deter- 
mine the course of the wind. 

Fastigium. See Pediment. 

Feather-edged Boards are narrow boards, made thin on one 
edge. They are used for the facings or boarding of wooden walls. 

Festoon. An ornament of carved work, representing a wreath or 
garland of flowers or leaves, or both, interwoven with each other. 

Fillet. The small, square member which is placed above or below 
the various square or curved members in an order. 

Finial, (in Gothic architecture,) the ornament, consisting usually of 
four crockets, which is employed to finish a pinnacle, gable, or 
canopy. 

Flank. The least side of a pavilion, by which it is joined to the 
main building. 

Flatning, in inside house painting, is the mode of finishing without 
leaving a gloss on the surface, which is done by adding the spirits 
of turpentine to unboiled linseed oil. 
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Funs ue steps in a series which are parallel to each other. 

Flioht ot Staihs is a series of steps, ftom one landings-place to 
another. 

Ploohs. The bottom of rooms. 

Flutinos. The Tertical channels on the shafts of coinmns, which 
are usually rounded at the top and bottom. 

Folding Doors are made to meet each other from opposite jambs, 
on which they are hang. 

FoLiAOB. An ornamental distribution of leaves or flowers on rarions 
parts of the bailding. 

Foreshorten. A term applicable to the drawings or designs in 
which, from the obliquity of the view, the object is represented as 
receding from the opposite side of the plane of the projection. 

Foundation. That part of a bailding or wall which is below the 
surface of the ground. 

Foot. A measure of twelve inches, each inch being three barleycorns. 

Frame. The name given to the wood work of windows enclosing 
glass, and the outward work of doors or windows, or window shut- 
ters, enclosing panels ; and in carpentry, to the timber work sup- 
porting floors, roofs, ceilings, or to the intersecting pieces of timbers 
forming partitions. 

Fret. A kind of ornamental work, which is laid on a plane surface. 
The Greek fret is formed by a series of right angles of flllets, of 
various forms and figures. 

Frieze, or Frizs. The middle member of the entablature of an 
order, which separates the architrave and the cornice. 

Frontispiece. The face or fore front of a house ; but it is a term 
more usually applied to its decorated entrance. 

Front. A name given to the principal interior facade of a building. 

Frustum. A piece cat off from a regular figure ; the frustum of a 
* cone is the part that remains when the top is cut off by an intersec- 
tion parallel to its base, as the Grecian Doric column without a base. 

FuRRiNGS are flat pieces of timber, plank, or board, used by carpen- 
ters to bring dislocated work to a regular surface. 

Fust. The shaft of a column. See Shaft. 

Oable, (in Gothic architecture,) the triangularly-headed wall which 
covers the end of a roof. 

Gable Window, (in Gothic architecture,) a window in a gable. 
These are generally the largest windows in the composition, fre- 
quently occupying nearly the whole space of the wall. 

Gablet, (in Gothic architecture,) a little gable. Sec Canopy. 

Gaoe. In carpentry, an instrument to strike a line parallel to the 
straight side of any board or piece of stuff. 

Gain. The bevelled shoulder of a binding joist. 

Garland, (in Gothic architecture,) an ornamental band surrounding 
the top of a tower or spire. 

Glyphs. The vertical channels sunk in the triglyphs of the Doric 
frieze. 

Gola, or GuLA. The same as Ogee^ which see. 

Gorge. The same as Cavetto^ which see. 

Gouge. A chisel of a semicircular form. 

Granite. A genus of stone much used in building, composed chiefly 
of quartz, feldspar, and mica, forming rough and large masses of 
very great hardness. 

Groin, (in Gothic architecture,) the diagonal line formed by the inter- 
section of two vaults in a roof 

Groined Ceiling. A surface formed of three or more curved sur- 
faces, so that every two may form a groin, all the groins terminating 
at one extremity in a common point. 

Groove, or Mortise. The channel made by a joiner's plane in the 
edge of a moulding, style, or rail, to receive the tenon. 

Ground Floor. The lowest story of a bailding. 



Ground Plans. A line forming the groond of a design or iiiotmB^ 

which line is a tangent to the surface of the fkce of the globe. 
Ground Plot. The ground on which a building is placed. 
Grounds. Joiners give this name to narrow strips of wood pot in 

walls to receive the laths and plaatering. 
GuTTiB, or Drops. Those frusta of cones in the Doric entablatme 

which occur in the architrave below the tssnia under each triglyph. 
Gutters are a kind of canals in the roofs of houses, to receive nnd 

carry off rain water. 

Halting. The junction of two pieces of timber, by insertizig one into 
the other ; in some cases, to be preferred to mortising. 

Hand Railing. The art of forming hand rails round cizcnlar and 
elliptic well holes without the use of the cylinder. 

Hanging Style of a Door is that to which the hinges are flxed. 

Heel of a Kafter. The end or foot that rests upon the wall plate. 

Helical Line of a Hand Bail. The line, or spiral line, represent- 
ing the form of the hand rail before it is moulded. 

Helix. The curiing stalk under the flower in the Corinthian capitaL 
See Cauliculus. 

Hem. The spiral projecting part of the Ionic capitaL 

Hexastyle. a building having six columns in front. 

Hood Mould, (in Gothic architecture.) See Z>rtp. 

Hook Pins. The same as draw bore pina^ to keep the tenons in their 
place, while in the progress of framing ; the pin has a head or notch 
in the outer end, to draw it at pleasure. 

Hypathral. Open at top ; uncovered by a roof. 

Hyperthyron. The lintel of a doorway. 

Hypotracuelium. a term given by Vitmvius to the slenderest part 
of the shaft of a column, where it joins the capitaL It signifies the 
part under the neck. 

Inchnoorapht. The transverse section of a buildinp:. which represents 
the circumference of the whole edifice; the diflerent rooms and 
apartments, with the thickness of the walls ; the dimensions and sit- 
uation of the doors, windows, chimneys ; the projection of columns, 
and every thing that could be seen in such a section, if really made 
in a building. 

Impost. The layer of stone or wood that crowns a door post or pier, 
and which supports the base line of an arch or arctido ; it generally 
projects, and is sometimes formed of an assemblage of mouldings. 

Inch. The twelfth part of a foot. For the purpose of reckoning in 
decimal fractions, it is divided into ten parts or integers. 

Inclined Plane. One of the mechanical powers used for raising 
ponderous bodies, in many instances, of immense weight; a declivity 
of a hill. &c. 

Insular Column is a column standing by it.self. 

Insulated. Detached from another building. 

Intaglio. Any thing with fi^rures in relief on it 

Intercolumniation. The distance between two columns. 

Intrados. The under-curved surface or soffit of an arch. 

Inverted Arches. Such as have their intrados below the centre or 
axis. 

Ionic Order. One of the orders of architecturo. 

Jack Plane. A plane about eighteen inches long, to prepare for the 
trying plane. 

Jack Rafters. The jack timbei^, which are fastened to the hip raft- 
ers and the wall plates. 

Jambs. The side pieces of any opening in a wall, which bear the piece 
that discharges the superincumlicnt weight of such wall. 

Joinery, in building, is confined to the nicer and more ornamental 
parts. 
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JoiiTTBS. A tool nsed for straightening and preparing stoif for joints, 
&c. This jointer is about two feet eight or ten inches long. 

Kekf. The slit or cut in a piece of timber, or in a stone, by a saw. 
Kino Post. The middle post in a section of raflters. 

Label, (in Gothic architecture,) a name for the drip or hood moulding 
of an arch when it is returned square. 

Lacunar, or Laqubak. The same as Soffit, 

Lanterx, (in Gothic architecture,) a turret or tower placed above a 
building, pierced either with windows to admit light, or holes to let 
out steam. 

Larmier. Called also Coronay which see. 

Lath. A narrow slip of wood, 1 j to U inches wide, i to | inch thick, 
and four feet long, used in plastering. 

Leaves. Ornaments representing natural leaves. The ancients used 
two sorts of leaves, natural and imaginary. The natural were those 
of the laurel, palm, acanthus, and olive ; but they took such liberties 
in the form of these, that they might almost be said to be imagi- 
nary, too. 

Level. A surface which inclines to neither side. 

Lining. Covering for the interior, as casing is covering for the exte- 
rior surface of a building. 

Lintel. A piece of timber or stone, placed horizontally over a door, 
window, or other opening. 

List, or Listel. The same as fillet or annulet. 

Listing. The cutting the sap wood out from both edges of a board. 

Loop, (in Gothic architecture,) a small, narrow window. 

Louvre, (in Grothic architecture.) See Lantern. 

Luffer Boarding. The same as blind slats. 

Machicolations, (in Gothic architecture,) small openings in an em- 
battled parapet, for the discharge of missile weapons upon the assail- 
ants. Frequently these openings are underneath the parapet; in 
which case, the whole is brought forward and supported by 
corbels. 

Mechanical Carpentry. That branch of carpentry which teaches 
the disposition of the timbers according to their relative strength, 
and the strains to which they are subjected. 

Mbdiayal Architecture. The architecture of England, France, 
Germany, &c., during the middle ages, including the Norman and 
early Gothic styles. 

Members. (Memhrum^'LaX.) The different parts of a building; the 
different parts of an entablature ; the different mouldings of a cor- 
nice, &c. 

Metope. The square space between two triglyphs of the Doric order. 
It is sometimes left plain, at other times decorated with sculpture. 

Mezzanine. A low story introduced between two principal stories. 

Minerva Polias. A Grecian temple at Athens. 

Minute. The sixtieth part of the diameter of a column. It is the 
subdivision by which architects measure the small parts of an order. 

Mitre. An angle of forty-five degrees ; a half of a right angle. 

MoDiLLiON. An ornament in the entablature of richer orders, resem- 
bling a bracket. 

Module. The semi-diameter of a column. This term is only prop- 
erly used when speaking of the orders. As a semi-diameter, it con- 
sists of only thirty minutes. See Minute. 

Mosaic. A kind of painting representing cubes of glass, &c., and is 
formed of different colored stones, for paving, &c. Specimens of 
this kind have been found among the ruins of antiquity. 

Mouldings. Those parts of an order which are shaped into various 
curved or square forms. 

Mouth. The same as Cauetto^ which see. 



yLvrm^. A projecting ornament of the Doric cornice, which occa 

pies the place of the modillion, in imitation of the ends of raftan. 
MuLLioir, (in Qothic architecture,) the framework of a window. 

Naked. The unomamented, plain surface of a wall, oolumn, or other 

part of a building. 
Nags, or Cblla. The part of a temple within the walls. 
Newel. The solid, or imaginary solid, when the stairs are open in 

the centre, round which the steps are turned about. 
Niche. A square or cylindrical cavity in a wall or other solid. 

Obelisk. A tall, slender frustum of a pyramid, usually placed on a 
pedestal The diffierence between an obelisk and a pyramid, inde- 
pendent of the former being only a portion of the latter, is, that it 
always has a small base in proportion to its height. 

Octasttle. a building with eight columns in front 

OoEB, or OoiVB. The same as Cyma^ which see. 

Order. An assemblage of parts, consisting of a base, shaft, capital, 
architrave, frieze, and cornice, whose several services, requiring some 
distinction in strength, have been contrived or designed in five sev- 
eral species — Tuscan, Doric, Ionic, Corinthian, and Composite; 
each of which has its ornaments, as well as general fabric, propor- 
tioned to its strength and character. 

Ordonhance. The arrangement of a design, and the disposition of 
its several parts. 

Orlb. (Ital.) A fillet or band under the ovolo of the capital. Pal- 
ladio applies the term also to the plinth of the base of a column or 
pedestal. 

Otolo. a moulding sometimes called a quarter round, from its pro- 
file, being the quadrant of a circle. When sculptured, it is called aa 
echinus, which see. 

Panel. A thin board, having all its edges inserted in the groove of a 

surrounding frame. 
Parapet. From the Italian Parapetto^ breast high. The deftooe 

round a terrace or roof of a building. 
Parabtatjb. Pilasters standing insulated. 

Pavilion. A turret or small building generally insulated, and com- 
prised beneath a single roof. 
Pedestal. The substruction under a column or wall. A pedestal 

under a column consists of three parts — the base, the die, and the 

cornice or cap. 
Pediment. The low, triangular, crowning ornament of the front of 

a building, or of a door, window, or niche. 
Pend, (in Grothic architecture,) a vaulted roof without groining. 
Pendant, (in Gothic architecture,) a hanging ornament in higUy- 

enriched vaulted roofs. 
Pinnacle, (in Gothic architecture,) a small spire. 
Peripteral. A term nsed by the ancients to express a building 

encompassed by columns, forming, as it were, an aisle round the 

building. 
Peristtlium. In Greek and Roman houses, a court, square, or 

cloister. 
Pbrspbctiyb is the science which teaches us to dispose the lines and 

shades of a picture, so as to represent, on a plane, the image of ob- 
jects exactly as they appear in nature. 
Piazza. A continued archway, or vaulting, supported by pillars or 

columns ; a portico. 
Pier. A solid between the doors or the windows of a building. The 

square or other formed mass or post to which a gate is hung. 
Pilaster. A square pillar engaged in a wall. 
Pile. A stake or beam of timbers, driven firmly into the ground. 
PiLLAB. A colonm of irregular form, always disengaged, and alwaji 
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deviating from the proportions of the orders ; whence the distinction 
between a pillar and a column. 

Platband. A square moulding, whose projection is less than its 
height or breadth. 

Plinth. The square solid under the base of a column, pedestal, or 
wall. 

PoKCH. An arched vestibule at the entrance of a church or other 
building. 

PoHTico. A place for walking under shelter, raised with arches in the 
manner of a gallery ; the portico is usually vaulted, but has some- 
times a flat soffit or ceiling. This word is also used to denote the 
projection before a church or temple supported by columns. 

Post. A piece of timber set erect in the earth. Perpendicular tim- 
bers of the wooden frame of a building. 

PosTiouM . The back door of a temple ; also the portico behind the 
temple. 

Principal Raftshs. The two inclined timbers which support the 
roof. 

Profile. The contour of the different parts of an order. 

Projboturb. The prominence of the mouldings, and members be- 
yond the naked surface of a column, wall, &c. 

Proscenium. The front part of the stage of the ancient theatres, on 
which the actors performed. 

Prostyle. A building or temple with columns in front only. 

Purlins. Pieces of timber framed horizontally from the principal 
rafters, to keep the common rafters from sinking in the middle. 

Ptcnosttlb. An intercolnmniation equal to one diameter and 
a half. 

Pyramid. A solid, with a square, polygonal, or triangular base, ter- 
minating in a point at top. 

Quarter Bound. See OvUo and Echinus. 

QuATREFOiL, (in Gothic architecture,) an ornament in tracery, con- 
sisting of four segments of circles, or cusps, within a circle. 

Quirk Mouldings. The convex part of Grecian mouldings, when 
they recede at the top, forming a re^nticent angle with the surface 
which covers the mouldiDg. 

Quoins. The external and internal angles of buildings, or of their 
members. The comers. 

Badius, in geometry, is the semi-diameter of a circle, or a right line, 

drawn from the centre to the circumference ; in mechanics, the spoke 

of a wheel. 
Bails, in framing, the pieces that lie horizontal ; and the perpendicu- 
lar pieces are called styles, in wainscoting, &c. 
Baking. A term applied to mouldings whose arrises are inclined to 

the horizon. 
Bbsistancb, in mechanics, that power which acts in opposition to 

another, so as to diminish or destroy its effect 
Beticulated Work. That in which the courses are arranged in a 

net-like form. The stones are square, and placed lozengewise. 
Bbturn. {Fr.) The continuation of a moulding, projection, &c., in 

an opposite direction, as the flank of a portico, &c. 
Bib. (iScu:.) An arched piece of timber sustaining the plaster work 

of a vault, &c. 
BiDGB. The top of the roof, which rises) to an acute angle. 
BiLiEYO, or Belief. The projecture of an architectural ornament. 
BiNO. A name sometimes given to the list, cincture, or fillet 
BoMAN Order. Another name for the Composite. 
BosB. The representation of this flower is carved in the centre of 

each face of the abacus in the Corinthian capital, and is called the 

rose of that capital. 
Bustio. The courses of stone or brick, in which the work is jagged | 



out into an irregular surface. Also, work left rough without 
tooling. 

Saooino. The bending of a body in the middle by its own weight, 

when suspended horizontally by each end. 
Salon. (Fr.) An apartment for state, or for the reception of paint- 
ings, and usually running up through two stories of the house. It 

may be square, oblong, polygonal, or circular. 
Saloon. A lofty hall, usually vaulted at the top, with two stages 

of windows. 
Sash. The wooden frame which holds the glass in windows. 
Scaffold. A frame of wood fixed to walls, for masons, plasterers, 

&c., to stand on. 
Scantling. The name of a piece of timber, as of quartering for a 

partition, when under five inches square, or the rafter, purlin, or pole- 

' plate of a roof. 

ScAPUs. The same as Shaft of a column, which see. 
Scarping. The joining and bolting of two pieces of timber together 

transversely, so that the two appear but as one. 
Scotia. The name of a hollowed moulding, principally used between 

the tori of the base of columns. 
Sever Y, (in Gothic architecture,) a separate portion of a building. 
Shaft. That part of a column which ia between the base and capital 

It is also called ihe/ust^ as well as trunk, of a column. 
Shank. A name given to the two interstical spaces between the 

channels of the triglyph in the Doric frieze. 
Shooting. Planing the edge of a board straight, and out of 

winding. 
Shoulder. The plane, transverse to the length of a piece of timber 

from which a tenon projects. 
Shutters. The boards or wainscoting which shut up the aperture of 

a window. 
Sill. The timber or stone at the foot of a window or door *, the 

ground timbers of a frame which support the posts. 
Skirtings. The narrow boards which form a plinth round the mar- 

gin of a floor. 
Socle. A square, flat member, of greater breadth than height, usn- 

ally the same as plinth. 
Soffit. The ceiling or under side of a member in an order. It 

means also the under side of the larmier or corona in a cornice ; 

also, the under side of that part of the architrave which does not rest 

on the columns. See also Lacumir, 
SoMMER. The lintel of a door, window, &c. ; a beam tenoned into a 

girder, to support the ends of joists on both sides of it 
Spandrel, (in Gothic architecture,) the triangular space enclosed by 

one side of an arch, and two lines at right angles to each other; one 

horizontal, and on a level with the apex of the arch, the other per- 
pendicular, and a continuation of the line of the jamb. 
Spiral. A curve line of a circular kind, which in its progress recedes 

from its centra. 
Steps. The degrees in ascending a staircase. 
Stereobata, or Stylobata. The same as Entasis, 
Strap. An iron plate, to secure the junction of two or more timbers, 

into which it is secured by bolts. 
Stretching Course. Bricks or stones laid in a wall, with their 

longest dimensions in the horizontal line. 
SuRBASE. The mouldings immediately above the base of a room. 
Systylb. An intercolnmniation equal to two diameters. 

Table, (in Gothic architecture,) any surface, or flat member. 

Tani. a term usually applied to the lastel above the architrave in 

the Doric corder. 
Tbmflbt. a mould used by bricklayers and masons for catting or 
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setting the wofk ; a ahort piece of timber eomeilm ee laid under a 

girder. 
Tbnoh. a piece of timber, tiie thickness of which is divided into 

about three parts; the two outside parts are cat away, leaying two 

shoulders ; the middle part projects, and, being fitted to a mortise, is 

nsnall J termed a tenon. 
Tersaob Roors. Rooft which are flat at the top. 
Tbtrasttlb. a building haying four columns in fiont 
Torus. A moulding of semicircular profile, used in the bases of 

columns. 
TsACEKTf (in Gothic architecture,) a term ibr the intersection, in 

various forms, of the muUions in the head of a window or screen. 
Transom, (in Gothic architecture,) a cross mullion in a window. 
Trevoil, (in Gothic architecture,) an ornament, consisting of three 

cusps in a circle. 
Trioltfh. The ornament of the frieze in the Doric order, consisting 

of two whole and two half channels, sunk triangularly on the plan. 
Tr^kens. Pieces of timber framed at right angles with the joints 

against the wall^ for chimneys, and well holes for stairs. 
Trimmer. A small beam, into which are framed the ends of sereral 

joists. The two joists into which each end of the trimmer is firamed 

are called trimming joists. 
Trough Gutter. A gutter below the dripping eayes, to conTqr Ae 

water to the pipe by which it is dischaiged. 

23 



TsmnL See SkaJL When the word is applied to a pedestal, it iignl- 

fies the dado or die, or body of the pedestal answering to the shaft 

of the column. 
Truss. When the girders are yery bng, or the weight the floors are 

destined to support is yeiy considerable, they are tnusetL 
TxTBOAJX, One of the orders of architecture. 
Tusk. A beyel shoulder, made aboye a tenon, to strengtihen it 
Ttmpanuk. The space enclosed by the cornice of the sloping sides 

of a pediment, and the level fillet of the corona. 

Vault. An arched roof, so contrived that the stones or other mate- 
rials of which it is composed support and keep each other in their 
places. 

Vbstibulb. An ante-hall, lobby, or porch. 

YiOB, (in Gothic architecture,) a spiral staircase. 

YoLUTB. The scroll which is appended to the capital of the Ionic order. 

Wall Platbs. Pieces of timber which are so placed as to form die 

supports to the roof of a building. 
Wbll. The space occupied by a fiight of stairs : the space left in die 

middle, beyond the ends of the steps, is called the weU hole, 

ZiesjLO, (in (3othie architecture,) aa ornament, so called tnm. iU s^ 
iemblaace to die letter Z. 
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AntoiSBA. A right line, which bisects all the ordinates of a cnrre. 

AouTB. Any shaip edge. 

AcuTB Akolb. An angle less than a right angle. 

ANauB. The space contained between two right lines, which meet 

each other in a point, bnt which are not both in the same right line. 
Anolb or THX JoiKT Liwsfl. The angle made on either of the beds 

of stone comprised between the face of an arch and the intaados. 
Anolb Tib. A short beam supported at each return of the wall 

plate from the angle, and for supporting one end of the dragon 

beam. 
Aeo. Any small portion of a cnrre ; but in a drde, an arc is anj 

portion of the circumference. 
Aeoh. In masonry, a mass of wedge-formed stones, supported at 

the extremities bj hutments, and supporting each other bj their 

mutual pressure. 
Aeoh Stonb. One of the stones of an arch. 
Abchitrayb. The lowest part of an entablature, and that which 

rests upon the columns. 
Arbib. The line in which two surfaces meet. 
AuxiLiART Rafters. Pieces of timber framed in the same vertical 

plane with the principal rafters, under and parallel to diem, for giv- 
ing additional support to the truss. Thej are sometimes called 

principal braces, and sometimes cushioned rafters. 
At AT. FuLNB. A plane passing along the axis. In domes, all the 

axal planes are perpendicular to the horizon. 
AxAL Sbotiob. The section of a body through its axis. 
Axis ov a Cokb. A right line passing from the vertex to the centre 

of the base. 
Axis of a Cubyb. A right line, which bisects all the ordinates. 
Axis of a Ctlibdbb. A right line passing through the solid from 

the centre of one of the circular ends to the centre of the other. 
Axis of a Domb. A right line perpendicular to the horizon, passing 

through the centre of its base. 

Back of Hip. The angle formed in the upper edge of it, in order to 
make it range with the two adjacent sides of the roof. 

Back of a Raftbb. The upper face of it, which ranges with the 
inclined plane of the roof. 

Basb. The lower line of a 4gure, or the lowest face of a solid. 

Basb Likb. The line npon which a figure is supposed to stand. 

Basb of a Cobb. The circular end opposite the vertex. 

Basb of a Ctukdbb. Either of the two cucular ends. 

Basb of a Pbum. Either of the parallel ends. 

Basb of a Ftbaji id. The figure which is joined at the vertices of its 
angles to the summit, by straight lines separating every two of its 



BATTBBiNa Wall. A wall of which the upper part of the sozfiuw 
falls within the base. 

Bbam. a piece of timber in a horizontal position, sometimes perform- 
ing the office of a strut, and sometimes the office of a tie. All hori- 
-^zontal pieces of timber are, however, not called beams^ as wall plates, 
which are supported throughout the whole length, so that a horizon- 
tal timber, in order to be a beam, must not be every where supported. 

Bearbr. Any piece of timber that supports another. 

Beds of a Stone, in walling. Those horizontal &ces which form 
the sides of the joints. 

Bbvbl Bridge. A bridge in which the axis of the cylindretic sai- 
face is not at right angles to the face. 

Bisect. To divide any thing into two equal parts. 

Boabd. a substance of wood generally contained between two par- 
allel planes. Boards are formed by the operation of the pit saw or 
saw mill, by slicing a log into a number of parts, either of the same 
or various thicknesses. 

Bond Timber. All the timber that is built in the walls of a house 
for the purpose of fixing the internal finishing is called by the name 
of bond timber, or timber in bond ; the pieces employed for this 
purpose are quarterings about the thickness and breadth of a brick. 
It is the shrinking of the bond timbers that mostly occasions the 
bulging of walls. 

Bbaobs. a slanting timber used in trusq partitions, or framed roofk, 
so as to reduce the length of the timber to shorter bearings. 

Brbakikg down. The dividing of deals or the trunks of trees into 
boards. 

Brebsum MBR, or Brbstbummbb. a beam for supporting the super- 
incumbent part of an outside wall. 

Bbidob, upon an oblique Plan, See Beod Bridge. 

Bridoing Joists. The smallest joists in double floors, and are sup- 
ported by the binding joists. The bridging joists are those to which 
the boarding for walking upon is fastened. 

Bbixg up. To build a wall to its intended height 

Cambbb. a beam is said to camber when it rises on the top ftom 
each end to the middle, in a straight line, as in camber beams. 

Camber Bbams. Those used in the flats of truncated roofs, and 
raised in the middle with an angle, and are boarded over for sup- 
porting sheeted lead in covering. The obtuse angle on the top of 
the beams produces a declivity from the middle to each edge 
of the flat, and consequently the rain water is discharged with 
great ease. 

Cantilitbrb. Horizontal rows of timbers, projecting fiom a wall fbr 
sustaining the eaves of a roof, or supporting a oomioe. 

Cabtbd. a prismatic body. 
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Caittsb Bow Window. A window which has three or more up- 
right faces. 
Gantbnasiak Cubye. The form of the iron chain which sapports 

the road-waj in suspension bridges. 
Carby up. The same as Bring up. 

Centre. A mould for supporting an arch in the progress of building. 
Centre of a Figure. The point through which a straight line may 

be drawn in any direction, which will divide the figure into two 

equal parts. 
Centre of a Circle. The point from which all right lines, being 

drawn to points in the line surrounding the figure, are equal. 
Centre of an Ellipse. The point through which anj diameter 

must pass. 
Chord. A straight line drawn from any part of an are to any other 

point of that arc. 
Circle. A plane figure, of which its boundary is every where at an 

equal distance from a point within its surface, called its oenfre. 
Circular Arc. Any portion of the circumference of a circle. 
Circular Arch. An arch of which the profile is a portion of the 

circumference of a circle, not exceeding the half. 
Circular Roofs. All roofs upon a circular plan are so called. 
Circular Course. A course or row of stones in a circular walL 
Circular Edges. Those edges of a stone where two surfaces meet 

in the arc of a circle. 
Circular Plan. A plan of which the exterior or interior edges are 

the circumferences of circles, or any portion of them. 
Circular Wall. A wall built upon a circular plan. 
Circumference. The curve line which bounds the area of a circle. 
Common Axis. An axis which equally belongs to two or several 

things, as the axis of a spherical dome belongs to all the vertical 

great circles of ^he sphere. 
Common Section. When two or more lines or sur&ces all meet in 

the same line or point, the line or point is called the common 

section. 
Common Vertex. The point in which two or more plane angles or 

surfaces meet each other. 
Concave Surface. That in which, if any two points whatever be 

taken, and if a straight line stretched out between them cannot meet 

the surface in any intermediate point, the side of the surface on which 

the line is extended is called the concave swrjuce, and the other is the 

conrex surface, 
Concentrio Circles. Those that have the same centre. 
Concentric Conical Surfaces. Those that have the same axis. 
Concentric Ctlindric Surfaces. Those that have the same axis. 
Concentric Spherical Surfaces. Those that have the same 

centre. 
Conic Arch. The arch of a circular-headed aperture, applied over 

splayed jambs, as in doors and windows. 
Conic Parabola. That parabola which is one of the three conic 

sections. 
Conic Sections. The plane figures made by cutting a cone, which 

do not include the triangle nor the circle. These three sections are 

the ellipse, parabola, and hyperbola. 
Conic Surface. The surface of a piece of masonry presenting the 

whole or a portion of the surface of a cone. In the construction of 

domes and tapering buildings upon a circular plan, the beds of 

every joint are frequently conic surfhces. 

vONic Wall. A battering built upon a circular plan, of which wall 

the line of batter is a straight line. 
Conjugate Diameter. The term applied to the least axis of an 

ellipse, being the shortest of all the diameters of this curve. 
Construction. A drawing or building performed by certain rules, 

and is the result of the operations by which it was made to exist. 



CoNYBX «8tJBFACE. See Concave Smfacek 
CoNTBX Conical Eacs. The convex anrfM» of a ooiie. 
Convex Cylindrical Face. The convex surface of a cylinder. 
Course of Stones. A row of stones generally placed on a level bed. 

The stones round the face and intrados of an arch are also called a 

coarse of stones, 
CouBsiNO Joint. The joint between two eoorses of stones. 
Coursing Joint Lines. The edges of the coursing joints in. the 

face of the work. 
Curved Edge. A mould with one of its edges curved, in order to 

draw a curve line on the surface of a stone, or ascertain its concavity 

or convexity. 
Curve Line. A concave or convex Une. 
CuBVE-LiNED JoiNTS. Thosc joiuts which meet curved surfaces. 
Curved Subfaob. That which is concave or convex. See Concave 

Surface. 
Ctlindbetio Oblique Abch. An arch of which the axis of the 

surface is not perpendicular to the face. 
Ctlindbical Intbados. The intrados of an arch, of which the sur- 
face is that of a cylinder, or a portion of a cylindrical surface. 
Cylindbical Spibal. a spiral on the surface of a cylinder. 
Cylindbical Subface. The whole or a portion of the surface of a 

cylinder. 
Cylindbical Wall. A vertical wall on a circular plane. 
Cylindboidic Wall. A wall of which the surface is the whole or a. 

portion of the surface of a cylindroid. 
Close Cubve. That which encloses a space. 
Cbown Post. The middle part of a trussed roof, being the same as 

King Poet, which see. 

Design. A scheme or drawing of something intended to be con- 
structed of stone or other material, as the design of a house, &c 

Developable Surfaces. SucH as can be extended upon a plane ; 
the surfaces of prisms, cylinders, and cones are developable sur&ces. 

Deal Timbeb. The timber of the fir-tree cut into boards for the use 
of building. 

Development. The extension of a surface upon a plane, so that 
every point of the surface may coincide with the plane. 

Diagbam. Any scheme or geometrical construction of a proposition. 

Dimensions. Such measures of extension as will be sufficient to 
ascertain the superficies or solidity of a body, or to construct a sur- 
fisice or solid. 

Double Cubvatubb. A curve of which its parts cannot be brought 
into one place. 

Double Obdinatb. Two equal ordinates of a curve in a right line, 
separated by another right line called the Abscissa. 

DouELLE. The surface of a stone, intended to be that which is to 
form a portion of the intrados of an arch. 

Dobmebs. Windows in a roof, having their glass frames in vertical 
planes above the inclined plane of the roof. The whole of a dormer 
is similar to that of an entire simple building, which terminates in a 
roof sloping from both sides. 

Dovetail. The form of indenting the end of one piece of timber 
into that of another, when the two pieces are required to fonn an 
angle with each other, by which they are fixed in the most secure 
manner to each other. One part contains the dovetail tenons, and 
the other the dovetail mortises. 

Dovetail Notch. A notch of a wedge-like form. 

Dragon Beam. A beam under the hip rafter, in the same vertical 
plane to which the foot of the rafter is fixed. The dragon beam is 
frequently supported at the angle upon the return of the two wall 
plates, and at the other end upon an angle tie. The dragon beam 
is sometimes extended under the whole length of the hip, and in 
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this cue it IB fitftened to the tie beam, and called the iii64tjp. Its 
use 10 to prerent the hip rafters from fl jing out at the bottom. 
Dbauoht. a grove or rebat, sunk in a stone for the poipose of di- 
recting its reduction to the required sorface. 

EU.IPBB. A close cnrre, which maj be divided into two eqnal and 
similar parts by a diameter drawn in anj direction ; moreover, the 
semi-ellipse, terminated by either axis, may be divided into two sym- 
metrical parts. 

Elliptic Abc. Any small portion of the carve of an ellipse. 

Ektkbticb. See Intertie, 

Equatokial Circumfebbhcb ov a Domb. The drcnmforenoe at 
the base of a hemispheric dome. 

Equilatbbal Tbianolb. One having three eqoal sides. 

BzTBBiOB Ctlindbio Surface. The carved snrfaoe of a cylinder, 
whether solid or hollow. 

Extbadob. The onter surface of an arch. 

ExTBAiK>aAL Abc. The onter carve of the section of an arch. 

Fbathbb-bdobd Boabds. Boards whose edges are wrought to an 
acute angle, one side of which is parallel to a side plane of the 
board. These are generally used in weather boarding, which, in 
temporary building, is substituted for slating. 

FiauBB. Any area enclosed on all sides. 

EiouBBS OF THB Faceb OF A Stonb. The two beds, the face or 
faces, and the vertical joint or joints. 

EibPolb. Small trunks of fir-trees, from ten to sixteen feet in 
length, used in rustic buildings and outhouses. 

EiLLiNo-iN Pieces. Timber less than the full length, as the jack 
rafters of a roof, the pieces of quartering in partitions, which termi- 
nate at one end upon the braces. 

Eloob. All the timber which is necessary to support the boarding for 
walking on. See Naked Flooring, 

Focus. One of the two points to which a string may be fixed so as to 
describe the curve of an ellipse. 

Foot. An extension containing twelve inches. 

FouKDATiONB. A preparation of piling, and a grated timber flooring 
for building upon, where the structure to be raised is heavy, and 
•where the ground is not safficicntly solid to bear its weight. 

FuBBiNGS. Slips of timber nailed to the joists or rafters, in order to 
bring them to a level, and make them range in any required surface ; 
as, when a floor is to be laid, the surface must be level, and if the 
backs of rafters are to be furred, then the surface must be that of an 
inclined plane. Furrings are chiefly used in the repairs of old build- 
ings, frequently under the ceiling joists. 

Gbometbt. The science which explains, and the art which shows, 
the construction of lines, angles, plane figures, and solids. 

Geometbical Elevation. An orthographical projection of an ob- 
ject of which the surfaces are plane figures, either parallel or perpen- 
dicular to the plane of projection. 

Gibdeb. A beam for supporting the ends of the binding joists in a 
fioor, where the bearing is of too great extension for the binding 
joists in one length, and, consequently, the girder supports the bind- 
ing joists on each of their vertical sides. If the girder is made of 
wood, it is cut into mortises, and the ends of the binding joists into 
tenons, which are inserted in the mortises j and thus one end of 
the binding joist is secured, while the other end rests upon a wall or 
partition. If the material of the girder be iron, a flanche is made 
to project, in order to support the binding joists, which in tlii"; case 
may be either of wood or iron. 

Gothic Arch. An arch of which the two sides of the intr.i(Io>« meet 
in a point or line at the summit 



Gothic Iboscblbb Aboh. A pointed lyiiimetrical arch, of which liM 

springing lines are in the same leveL 
Gboubd Platb, or Sill. The lowest plate of a wooden boilding for 

supporting the principal and other posts. 
Gbound Line. The straight line upon which the vertical plane of 

projection is placed. 
Gbovbd Notch. A recess of a rectangular form on one side of a 

piece of timber, for receiving a corresponding prominence. 

Haxxbb Bbax. a beam in a Gothic roof, not extended to the oppo- 
site side. 

Hbading. The vertical side of a stone perpendicular to the face. 

Headino Joikts. The thin stratum of mortar comprised between 
the vertical surfaces of two adjacent stones. 

Helix. A spiral winding round the surface of a cylinder. 

Hobizobtal Joint. The same as the bed. 

HoBizOBTAL Plane of Pbojbctioh. The plane which contains the 
plan of an object, or its horizontal projection. 

HoBizoNTAL Pbojection OF AN Objbct. The same as the plan of 
the object 

HoBizoNTAL Tbacb. The intersection of any plane, and the horizon- 
tal plane of projection. 

Htpbbbola. An open curve, being one of the three conic sections of 
which the curve will never meet a certain right line. 

Htpotuencse. The longest side of a right-angled triangle. 

Inclination. The angle contained between a line and a plane, or 

between two planes. 
Intebsection. The point on which two lines meet or cut each other; 

the line in which two surfaces cut or meet each other. 
Intebtib. a horizontal piece of timber framed between two posts, in 

order to tie or fix them together. 
Iktbados. The inner curve of an arch. 

Intbadosal Cubve. The inner curve of the profile of an arch. 
Intbadosal Joints. Those joints which are seen in the intrados of 

an arch. 
Ibbboulab. a term expressing the inequality of the sides and angles 

of a body. 

Jack Timbeb. A short timber fastened at the ends to two timbers 
which are not parallel, or to two timbers which actually meet in a 
point, as to the wall plate and hip rafter of a roof, the braces and 
heads or cells of partitions, &c. 

Jack Rafters. Those jack timbers which are fastened to the hip 
rafter and the wall plates. 

Jack Ribs. Those jack timbers or parts of curved ribs which are 
fitftened to the angle ribs, and rest upon the wall plates in groined 
or doomed ceilings. 

Jooole-piece. a truss post with shoulders and sockets for abutting 
and fixing the lower ends of the struts or braces. 

Joining. The act of fixing one piece of timber to another, according 
to any required mode } the joinings of timber are very numerous, as 
dovetailing, cogging, mortise and tenon, &c. 

Joints of a Stone. The mortar comprehended between the adjacent 
sides of two stones and the ftice of the work. 

Joists. Those beams in a fioor which either immediately sustain the 
hoarding, or are necessary in supporting the boarding or ceiling, as 
binding joists, bridging joists, ceiling joists; the girders are, how- 
ever, to be excepted, as answering the purpose of a wall, and are, 
therefore, not called joists. 

JcFFERS Stuff. About four or five inches sqnare, and of several 
lengths. This term is out of use, though frequently to be met with 
in old publications which treat of the Art of Building. 
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Kbt Coubsb. The horizontal range of stones in the snmmit of a 
Tault, in which the course is placed. 

Ketstokb. The stone which appears in the front, and in the snmmit 
of an arch. 

Eebf. The waj made bj the saw in dividing timber. 

Kino Post. The middle post in a roof. Its office is to support the 
tie beam and the struts which either support the middle of the prin- 
cipals, or support the principals in part 

Lbo of a Kioht-anolbd TBiANaLB. One of the three sides which 
contain the right angle. 

Lbo of a Tbehedral Anolb. Either of the two planes of a right 
trehedral angle which contains the right angle. 

Like in Space. Any line of which the projection is required, but not 
in the plane of projection. 

Like of Battbb. The line of section made by a plane and the sur- 
face of a battering wall, the plane being perpendicular both to the 
surface of the wall and to the horizon. 

Liktel. The stone which extends over the aperture of a door or 
window. 

Lintels. Short beams over the heads of apertures for supporting the 
inside part of a wall over an opening, the part on the outside being 
supported by an arch or long stone ; and this support of the lintels 
is necessary when the wall over the head of the window on the 
inside is made of stones or bricks which are not sufficient to reach 
from side to side, or from jamb to jamb. 

LuTHOBN. The same as Dormer^ which see. 

Masonrt. The art of constructing buildings of stone. 

Meridians. The curves and the surface of a dome made in vertical 
planes. 

Meridional Arc. A portion of the meridional curve of a dome. 

Meridional Joint. The vertical joint of a vault, of which the hori- 
zontal sections are all circles. 

Mortise and Tenon. A method of joining two timbers by cutting a 
hollow prism or recess from a face near the end of one of the tim- 
bers, and a corresponding projectnre at the end of the other. 

Naked FLOORiNa. The framing of one or more rows of equidistant 
timber beams in horizontal planes, for supporting the boarding for 
walking upon. The timbers employed are called by the general 
name of jouts; other strong beams, called girders, are sometimes 
introduced. The joists have different names, according to the office 
they have to perform, or the situation in which they are placed. 
Single or common joists are employed in the construction of com- 
mon floors, which consist of only one row of joists. Binding joists 
are employed in the best description of floors, along with other 
joists, called bridging joists and ceiling joists, which altogether make 
a grated frame of timber work \ the bridging joists, which are the 
strongest timbers, are placed in the middle row, with the binding 
joists above, and the ceiling joists below, and support both the 
bridging and ceiling joists. The bridging joists are notched a cer- 
tain portion of their depth upon the binding joists, and the ceiling 
joists are most commonly done in the same manner ; the notches, in 
order to preserve the strength of the binding joists, are only cut from 
the edges, but^ in the bridging joists, the notch is cut through the 
entire thickness. In floors of great extent girders are introduced, 
and the binding joists are framed into each side of the girder. The 
top of the girder is generally below the level of the top of the bridg- 
ing joists. The ceiling joists are generally nailed up to the under 
side of the binding joists, forming by their under edges a level sur- 
face for nailing the lath, which is to sustain the plastering of the 
ceiling. Binding joists are placed at the distance of about four feet 



six inches clear \ bridging joists, one foot ; and ceiling joists, about 

fourteen inches. 
Normal. A right line perpendicular to a curve. 
Notching. A hollow cut from one of the faces of a piece of timber, 

generally of a rectangular form. 

Oblique Angles. Adjacent angles, of which their line of separation 
is not perpendicular to the base. 

Oblique Arch. A cylindric arch, of which the axis is not perpen- 
dicular to the face. 

Oblique Bbidge. A bridge which crosses a river, and of which the 
faces of the arch are not perpendicular to the direction of the 
stream. 

Obliqub Ctlindbb. a cylinder of which the axis is not perpendic- 
ular to the circular ends. 

Oblique Ctlindroid. A cylindroid in which the axis is not per- 
pendicular to the two bases. 

Obliqub Plan. A parallelogramic plan, of which the sides are not 
at right angles. 

Oblique Trehedral. A trehedral of which the angles contained 
by any two of its faces are not a right angle. 

Open Curtb. That which does not enclose an area. 

Ordinate. A right line comprised between a curve and its abscissa, 
and is parallel to a tangent at the extremity of this abscissa. 

Parabola. An open curve, being one of the three conic sections, of 
which both of its branches may be extended infinitely without ever 
meeting. 

Parallel Right Lines. Those which can never meet 

Parallelogram. A quadrilateral figure, of which the opposite sides 
are equal and parallel. 

Parallels. The same as parallel right lines. 

Parameter. The ordinate of a conic section, which passes through 
the focus perpendicular to the axis. 

Perpendicular. A right line perpendicular to another right line or 
to a surface. 

Perpendicular Surface. A surface perpendicular to a right line or 
to a plane. 

Pitch of a Roof. The inclination of the plane of the roof to the 
wall head. Hence the pitch of the roofs is greater *or less, according 
aa the base of the roof contains the height a less or greater number 
of times. The usual pitch is that in which the height is one third or 
one fourth the breadth of the building. 

Plane. A surface in which all the points of a right line will coincide. 

Plane Angles. Those drawn upon a plane surface. 

Plane Curve. That which has all its parts in one plane. 

Plane Wall. A wall of which the surface is a plane. 

Plane of Projection. The plane on which an object is to be rep- 
resented. 

Planks. All boards above one inch thick are called planks. 

Plate. A horizontal piece of timber in a wall, or upon the top of a 
wall, for resting the ends of beams, joists, or rafters, and is, therefore, 
denominated a fioor or roof plate accordingly. The plate on &e top 
of the wall is called the Raising Plate. 

Pole of a Domb. The summit or upper extremity of the axis. 

Position. The situation in which one thing is placed in respect of 
another. 

Posts. Rectical pieces of timber, as truss posts, door posts, &c 

Prick Posts. Intermediate posts in a wooden building, framed be- 
tween the principal posts. 

Principal Posts. The comer posts of a wooden building. 

Prism. A solid bounded on the sides by parallelograms, and on the 
two remaining faces by polygonal figures in parallel planes. 
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PxoBLBX. A propofitioii which proposes something to be done. 
PsojECTAWT. The distance of a point from its projection. 
Projection. The art of finding the representation of a point, line, 

surface, or solid. 
Pboportiok. The parts of two things, so that the whole of the one 

may be to any one of its parts as the whole of the other is to its 

corresponding part 
PrvcHEOiTB. Any short posts of timber, as the small qnarterings, 

instead of partitions, over the heads of doors. 
FuRLiNEB. The timbers which sapport the spars or common rafters 

of a roof. 

Quadrant. The fourth part of a circle. 

QuAKTiTT OF Batter. The angular distanoer between the plnmb 
line and the line of batter. 

Radius. A right line, of which, if one end be fixed in a certain point, 

the other, if moved round, may be made to coincide with all the 

points of another line, or with the points of a surface. 
Radius or a Circle. Any right line drawn from the centre to the 

drcnmference. 
Radius of a Ctlihder. The radius of a circle which is the profile 

of the cylinder. 
Radius of a Sphere. The right line extending from the centre to 
' the surface. 
Radius of Curvature. The radius of a circle which has the same 

curvature as the curve at the point to which this radius belongs. 
Badiatino Joints. Those joints which tend to a centre. 
Bafters. All the timbers in the sides of a roof which are in vertical 

planes, and parallel to the covering of the roof, and are generally in 

pairs similarly and symmetrically disposed, so as to recline from 

each opposite wall at the same angle of inclination. 
Baising Plates, or Top Plates. Those plates which support the 

ends of the tie beams. 
Rakino Mouldings. Mouldings which run in an inclined position. 
Bear Line. A line on the back of any object. 
Berated Notch. A prismatic recess made by taking away a part of 

the wood at one of the angles, generally in the direction of the 

fibres. 
Begulating Line. A line which fixes the position of other lines. 
Betreating Sides of the Joints. Those which recede from the 

surface. 
Bight Angle. An angle of ninety degrees. 
Bight Arch. An arch of which the intrados is perpendicular to the 

face. 
Bight Cone. That of which its axis is perpendicular to the base. 
Bight Section. The section of a body at right angles to the ax^. 
Bight Trihedral. A trihedral having one of its angles a right 

angle. 
BiNG Stones. The. stones which appear in the face and intrados of 

an arch. 
BuLER Surface. A curved surface, on which two parallel straight 

lines may be drawn through any two given points. 

Section. The figure formed by cutting a solid by a plane. 

SsGiiENT. The part of a surface or solid containing the upper ex- 
tremity or summit 

Segment of a Circle. A portion of the circle contained by an arc 
and its chord. 

Segment of an Ellipse. A portion of an ellipse contained by a 
part of the curve and its chord. 

Segment of a Cylinder. A portion cut off by a plane parallel to 
the axis. 



Sbmi-axib Major. The longest diameter of an ellipM. 

Sbmi-axis Minor. The shortest diameter of an etlipee. 

SBMi-PAmAXBTBB. Half the parameter, or the focal ordinate. 

Sbxi-ctlindbr. The half of a cylinder contained by the curved nir- 
faoe and plane passing along the axis. . 

Sbmi-ctlindric Surface. The whole or a portion of the nufiioe 
of a cylinder. 

Severies. The compartments of grained ceilings. 

Shingles. Thin pieces of wood used for covering, instead of slates 
or tile. 

Similar Figures or Bodies. Those which are of the same shape. 

Slbbpbrs. Timbers laid upon dwaif walls for supporting the ground 
joists of fioors. This term was formerly applied to the valley rafien 
of a roof. 

Sleepers. Cross timbers for fixing the planking where it is neces- 
sary to pile under, in order to make a secure foundation. 

Soffit. The under surface of any part of a ceiling. 

Soffit Joints. Those joints which appear on the under surface. 

Solid. Any body whatever. 

Solid Angles. Angles in which three or more surfaces all meet in 
one point 

Solid Geometrt. The consideration of the properties and constrao- 
tion of solids. 

Solid of Be volution. That which may be generated ronnd an axis. 

Spars. The common rafters of a roof for supporting the tiling or 
slating. 

Spherical Dome. A dome having a spherical surface. 

Spherical Niche. A niche of which the snrfiEu» of the head is 
spherical. 

Spherical Triangle. A triangle of which the surface is spherical. 

Spiral Curves. Those consisting of one or more revolutions. 

Spiral Joints. Those joints which run in spiral lines. 

Spiral Surface. A ruler surface, of which the direction of the 
straight line tends to an axis. Such are soffits of winding stairs. 

Splayed. A bevelled jamb. 

Springing Plane of an Arch or Vault. The plane from which 
the first arch stones rise. 

Squaring a Stone. The form to which it is made in order to apply 
the moulds, so as to obtain its ultimate form as inserted in the 
building. 

Stanchions. The same as Puncheons, which see. ' 

Stonecutting. The art of reducing stones to their intended form. 

Straight Edge. A rule with a straight edge for trying a sur£sce. 

Straight Vaults. Those which have their axes straight. 

Straight Walls. Those which have plane surfaces. 

Struts. Timbers which support the middle of the principal rafbers, 
or aid in supporting them. The struts are themselves supported by 
the posts upon oblique abutments, which are made on the lower ends 
of the posts, to receive the low^r abutting ends of the struts. 

Summer. A large beam in a building, either supporting the superin- 
cumbent part of a wall, in which case it is called a bressummery or 
supporting the binding joists of floor, when it is called 9k girder. 

Surface of Revolution. Sut-h as .may be generated round 
an axis. 

Surmounted Ab/ch. An arch or vault of greater height than half 
its width. 

Tallus Line. The battering line of a wall. 

Tangent. A straight line which touches a curve without being able 

to cut it 
Tangent Plane. A plane which touches the curved surface without 

being able to cut it 
Templets. Short pieces of timber placed in a wall, under the end of 
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a girder, for distributing the preMore along the wall more equally; 
and, for this reason, thej should be sufflcientlj long. 

Tbkon. The projectnre on the end of a piece of timber, fitted to a 
mortise which is to receiye the tenon. 

Tbibd Pbopostiokal. The fourth term of four proportions ; when 
the two middle terms are equal, it Is called a third proporHonal. 

Tib. a timber placed in anj position performing the office of a string, 
in order to secure the distance of two things which have a tendency 
to recede from each other. 

TiMBEBB. A general name for a piece of wood employed in perform- 
ing some office in the construction of a building. 

Traces of ▲ Plane. The intersections of an oblique plane, with 
the horizontal and vertical planes of projections. 

Tkansyebsb Axis. The longest diameter of an ellipse. 

Trehedbal. a solid angle, consisting of three plane angles. 

Tbianolb. a figure consisting of three sides. 

Tbihmbbb. Those pieces of joists for supporting the ends of other 
joists, as those opposite fireplaces, in order to make a way to receive 
the slab before the fireplace. Or trimmers are those joists at the 
beginning of a landing, for supporting the ends of trimming or 
other joists. 

Tbihmiko Joists. Those which support each end of a trimmer, viz., 
those on each side of a fireplace. Trimming joists ought, therefore, 
to be much stronger than common joists. 

Tbuncated Roof. A roof in the form of the frustum of a pyramid 
or wedge, when the sides generally slope at equal angles with the 
wall head or base of the roof. 

Tbuss. a frame of timber work, capable of being suspended be- 
tween two supports without sagging or descending on any part 
Trussed frames are employed in partitions and roofs. 

Tbuss Boof. A roof formed by trussed frames, for the purpose of 
being capable of sustaining its own weight, or to resist any adventi- 
tious pressure. 

Tbuss Post. Any of the posts of a trussed roof, as king post, queen 
post, or other posts into which the braces of a truss partition are fixed. 

Tbtino Edob. The edge of a rule for trying a given surface. Tim- 
ber is generally denominated roand, and square. Ton timber is that 
which is sawed or hewn ten inches square, or more ; it is reckoned 



forty cnbie foet to a ton. Banging timber is that which measuret 
less than ten inches acroes the end, and reckoned according to linear 
measure. 
Tusk. The bevelling shoulder above the tenon in binding Joists. 

Unifobm Cokio Subfacb. The surface of a right cone. 
Ukifobm Ctlindbio Subfacb. The surface of a right cylinder. 
Ufpbb Bed of a Stonb. The side of the stone that comes in con- 
tact with that above it. 

Yallet Bafteb. That which is disposed in the intenial angle of a 
roof, viz., internal angle as seen from some point above the roof. 
These rafters ought to be much stronger than hip rafters, which 
resist any weight laid on the top that will not crush them, without 
having any tendency to bind them *, while the smallest force applied 
upon a valley rafter will make it descend proportionally to the weight 
applied. 

Vault. A concave ceiling. 

Vebtex. The summit of any thing. 

Ybbtbx of a Conb. The point in which the surf^e ends. 

Ybbtical Anglb. The opposite angle. 

Ybbtigal of a Batteb. The perpendicular distance. 

Ybbtioal Plane. A plane perpendicular to the horizon. 

Yebtioal Planb of Pbojbotion. The plane on which the eleva- 
tion is made. 

Ybbtical Pbojbctant. The distance of a point from its projection, 
in the horizontal plane of projection. 

Ybbtical Pbojbgtion. The elevation of an object. 

Ybbtical Tbacb, The trace of a plane in the vertical plane of 
projection. 

Ybbtioax Wall. An upright walL 

Wall Platbb. Those plates either built in the wall for supporting 
the joists, or those which are laid upon the top of the wall for sup- 
porting the tie beam ; when employed for supporting the roo( they 
are called raising plates^ or top jtiatm. 

Wall in Tallus. A battering waU. 

WiHDivo Jonrxs. Spiral joints. 



RULES OF WORK, 



ORIGINALLY ADOPTED BY THE CARPENTERS OP THE TOWN OF BOSTON IN 1774. 

BEYISED IN 1800, Aim NOW GBNEBALLY APPROVED AND CONSULTED AS A CORRECT STANDARD OF "PRICKS 

OP CARPENTER WORK." 



These rules were again revised in 1820 ; but the revision of 1800 is in most genersd nse, and, therefore, 
has been preferred. 

The prices as here fixed are predicated on the presumption that the work ' measured is to be done in a 
thorough, workmanlike manner ; otherwise a deduction is to be made, according to the judgment of the 
surveyor. 



Fkamino Floobb ov all Kiin>8. $ ctt. 

PMmiDg brick or wooden-hoiue floors with summerB or plank 
ftom 10 to 12 inches deep, at per square, 1 83 

And where the snmmers or plank are deeper, for ereiy inch 
depth, add per square, 18 

Frajcino SiDsa akd Ends. 

Pruning sides and ends, where the girts are from 10 to 12 
inches deep, and the posts not less than 7 nor more than 10 
inches square, at per sqoare, 1 83 

Small Fbamikg. 

Framing small fhunes, such as wood-honse, ftc, of small 
timber or large joist, including the roof, at per square, . 1 25 
Framing hips and gutters, at per foot, 12^ 

PRAMIVG ROOVB. 

Framing a plain pitched roof, with rafters of 8 inches deep, 
at per square, 1 50 

Framing a plain gambol roof, with timber of the above siie, 
including collar beams, at per square, 1 91 

Framing a hipped roof, with rafters of 8 inches deep, at per 
square, 1 76 

And where the rafters are more than 8 inches deep, add for 
ererj inch in depth, per square, 13 

And all beams under hips whole framing, and all others half 
firaming ; and if anj joists are let into do^ at per square for do., 50 

Rafters framed with one king post, half framing; rafters 
firamed with one king post and two braces, whole framing. 
Rafters fhuned with king post, two struts, and two braces, add 
one fourth. If more work in any of the above, add in the same 
proportion. 

Framing gutters and hips, at per foot, 25 

Framing flat roofs with beams on a curve, at per square, . 1 54 

Framing flat trussed roof, with regular pitch, mduding beam 
and hip rafters, at per square, 1 00 



I FfiAMnra Middles. $ ctt. 

laying out middled for stores with one summer, . . 1 50 

" ** " with two summers, . . 2 00 

" ^ ** with three summers, . 8 00 

Putting on floors, hewing and planing timber, scaffolding, 
shoring, sawing and shooting plank, for framing, collecting ma- 
terials, stocking boards, hewing and laying sleepers, to be paid 
for by the day. 

Raising wooden-hotise frames, and putting on all loofr, to be 
paid for by the day. 

ROITOH BoABDuro. 

Rough boarding, per square, 50 

If shot, « 75 

If feather edged, " 83 

If rabbeted, « 1 12 

If on a roof more than two stories high, 1 00 

If grooved with match planes, 1 83 

Boarding hips and gutters, at per fbot, 6 

Laying rough floors, at per square, 58 

If shot and well laid, " 83 

Laying rough plank floors with hewed joists, at per square, . 1 50 

If shot, at per square, 1 76 

If planed suitable for store floors, at per square, . 2 50 

WlVDOW FSAMSS OV ALL KlSDS. 

Making a window frame, to contain 24 panes or less, of 6 by 

8 glass, . 1 25 

If for 7 by 9, or 10 by 14, 1 50 

If 8 by 10, or 11 by 15, 171 

If 12 by 18, 1 83 

If IS by 21, 1 96 

If larger, add in the same proportion. 

If any of the above are sunk from 3 to 4 inches, add 25 

If plain ogee, add .33 

If double monlding, add .40 
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$ cto. 
If cased to reoeive shntten outside, add .... 50 

If doable axchitraye, add 1 00 

If solid flat cap, worked with lip and ogee, add ... 40 

For setting anj of the abore, add 26 

If anj of the above fhunes haye a dreolar head, add for do. 1 50 

For setting do., add 37 

If ogee on do., add for the sweep, per foot, .... 9 
If doable architraye, add ibr the sweep, per foot, ... 30 

If the stool is rabbeted, add 25 

A plain Venetian window frame, the centre part of which to 

contain not more than twelre panes of 12 by 18 glass, . 6 25 

If larger, add in proportion. If to receiye pilasters 8 inches 

wide or less, and an entablatore from 7 to 15 inches wide, add 2 00 

For setting do^ 50 

For a plain bow window, to contain not more than 30 panes 

of 18 bj 12 glass, or less, at per frame, 6 00 

If huger, add in the same proportion. 
Setting do. to be paid for by the day. 

Boxing any of the above frames, 25 

For letting in iron or brass box poUeys, each ... 6 

Making a cellar window frame, (with bars pat in,) frmn 2 to 8 

feet from oat to oat, I 00 

If larger, add in proportion. 

Setting do., 25 

Making plank lintels, each 17 

Making centres, to be paid for by the day* 

WiKDOw Cats outside. 

Eqoal to the Tnscan order, ... ... 2 00 

Eqoal to the Doric or Corinthian, 4 00 

Eqoal to the Ionic, 2 50 

Eqoal to the Composite, . « . 5 00 

SaSHBS OV all EiKDS, AKD mXQTSQ DITTO. 

Making sashes 7 by 9, or 8 by 10, with otoIo, per light, . 8 

If larger each way, per inch, 1 

Nosiiig sashes, add one foorth to the prices of oyoIo sashes 

per light. 
Plain sashes, 6 by 8, 7 by 9, or 8 by 10 glass, per light, . 6 

Hanging sashes single, with line or hinges, per window, . .17 
** '* doable, with 4 laths and 4 weights, 50 

> Sashes in bow windows, add 100 per cent per light If in 

two sashes, add 160 per cent, per light 
A tme sweep sash, from a segment to a semicircle, per light, 88 
If ellipsis, 50 

Clapboabdiho, BuTTuro, axd Sobibutg. 

For shooting clapboards, per hondred, * .... 26 

For planing ** '* 1 25 

For laying " « 1 50 

For scribing on shingles, at per foot, 8 

Plain scribing, and batting, per foot, 2 

SHisaLnra Cbifpelb, Qttttbb Boaxds, ahd Wxathbb Boabds. 

Laying shingles, per sqoare, 1 50 

Shingling hips, per foot, 10 

** gotten, per foot, 18 

Bnilding ciippels behind chimiiey% at per foot, measoxing on 

tfaeridge, 88 

Ripping iq^ old shingles, and clearing the nails, al per sqoare, SS 

Half gotter boards, per foot, 2 

Whole gutter boards, per foot, 4 

34 



$ cto. 
Plain weather boards, 6 inches wide or under, at per foot, 6 

If wider, add for every inch in width more, . . . . ^ 

If ogee on do., ...,." 8 

If plancere, 12 

Hip ridge and care pieces for slating, at per foot, ... 6 



Facia under Eayxs. 

If 6 inches wide, or under, per foot, 

If wider, for every inch in width, add per foot. 

Ogee, on do., per foot, 

If single cornice on do., 

If dentil cornice on do., 



6 

h 
2 

6 

18 



Wateb Tables, Cobitbb Boards, and Saddle Boa|ids. 

Water tables of plank, 6 inches wide or under, at per foot, 6 

If wider, add for every inch in width, ^ 

Water tables of timber, worked with a moulding, at per foot, 18 

Comer boards, double, 6 inches wide, or under, per foot, 

If wider, add for every inch in width more per foot. 

Comer boards, single, half price of double. 

Saddle boards, at per foot, ran, 



10 



8 



If made of plank, in 

Rustic Cobkbbs, Fbonts, Plain Sseathiko, and Belts. 
Bustic comers, including the groundworiL, at per foot, super- 



ficial, 

Rusticated fronts at per foot, do., 

Butting and scribing do., at per foot, run, 
Plain sheathing with U inch stuff, at per foot, superficial, 
If 1 inch stuff, '* " 

Butting, scribing, and mitring 1| inch stuff, at per foot, ran, 

" " " 7 inch stuff. 

Belts from 7 to 12 inches wide, per foot, ran, . 
If moulding underneath, add for do., per foot, run, 



u 



21 
13 

6 
18 
10 

6 

5 
10 

6 



Tbunks and Quttbbs. 

Making a square trank, at per foot, 8 

Making a round trank, per foot, 12 

Single cornice head to square trunk, 50 

Dentil cornice and necking to do., 1 OO 

Solid cornice gutters, per foot, run, I8 

If rabbeted to lodge on bricks, add per foot, . . . . l 

Plain cant gutters, per foot, ' . 9 

Cant gutters worked with cornice, 12 

Putting up tranks and gutters, to be paid for by the day 



Casino, Coving, and Cobnices of all Kinds. 

Casing coving with plancere and fada only, at per foot, run. 

Single cornice at per do., 

Tuscan do., at per inch in height, for eveiy foot ran, 

Doric and Corinthian cornices, from 5 to 7 inches, per foot. 

For every inch in height more, add, per inch, 

If a double fret dentil, .... 

For every inch in height more, add 

Ionic cornice frx>m 5 to 7 inches, per foot, 

For every inch in height more, add, per foot, 

Composite cornice frx>m 6 to 7 inches, at per foot, 

And for every inch in height, add 4i| cents for eveiy foot 

Single cornice with fiuted friexe and astragal neck, frx>m 6 to 

7 inches per foot 

For every inch in height more, add, per inch, . . . . 
Block cornice fit>m 5 to 7 inches, per foot, . . . . 



16 

8 

3 
78 

4 
75 

^ 
60 

3 

75 



35 

4 
37 
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For ererf inch in helgiit more, add, per inch, .... 4 
Gothic oomioe, with modillion and chain dentil, ftx>m 5 to 7 

inches per foot, 75 

If a gutter, add, per foot, 18 

"For every inch in height more, add, per inch, . . . . 4| 

Gothic do., without modillion, from 5 to 7 inches per foot, 56 
For every inch in height more, add, per inch, . S 

Gothic do., witbont fret, and with modillion, from 5 to 7 

inches per foot, 60 

For evety inch in height more, add, per inch, .... 3 
Composite cornice, with modillion, and the fiieie to be orna- 
mented firom 5 to 7 inches, at per foot, 67 

For every inch in height more, add ^ 8 

If any of the above cornices have a regular friese and architrave, 
add per foot one third the price of the cornice ; except the Doric, for 
whidi add one half the price per foot of the cornice. All mitres and 
scribes eqnal to a foot of cornice. 

Outbids Pxdstals akb Pilastbks. 

Plain pilasters, including base and necking, at per inch in 

width, 50 

Fluting columns and pilasters, add, per inch, .... 20 

Tuscan pedestal, at per inch in width, 20 

Doric " « " 25 

Corinthian" " « 28 

Ionic " ** « 25 

Composite " " " 80 

If for pilaster, or | column measure, one face ; if for a whole 
column measure, two fiuses. 

LUTHSRH WlK1>OW8. 

Hipped luthem window, boarded, with single cornice broke 

round do., 8 00 

Pitched pediment, with cornice and bed mould broke 

round do., 6 00 

*^ " with dentil cornice, « . 8 00 
** '' with circular head, 10 00 

TUSKBTB. 

Small diamond work, superficial, 18 

Turrets with board rails mortised in posts, .... 20 
Plain posts and rails, with plancere, per foot, .17 
M ** mortised, rails made with boards, and moulding 

uder plancere, per foot, 25 

If plank rails, 33 

Diamond work turrets, at per foot, run, .... 40 

Chinese " " " " 50 

Balustrade straight work, at per foot, run, .... 75 

" broke over posts, at per foot run, . . 1 00 

Fbontxbpibces and Portioobb ov all Kinds. 
Plain casing doors, with plancere, cap, truss, architrave, and 

straight light over the door, 7 00 

With dentil cornice, fluted trusses, open pilasters, and cased 

for fon lig^t, ' . 20 00 

With fret or eye dentil, fluted ftieze and trusses, and cased 

for fkn light, 25 00 

Plain Tuscan lix>ntispieoe, straight c^>, and plain pilasters, . 20 00 
Tuscan do. with pediment, brake, and pilasters, . 26 00 

If with columns, add 4 00 

Doric frontispiece, straight c^», plain ground, and fluted 

pilasters, 88 00 



If a pediment, add lo OO 

If rustic ground, add 6 OO 

If brake and columns, 6 OO 

Ionic frontispiece, straight cap, 80 OO 

If with pediment, add 9 oO 

Corinthian fh>ntispiece the same as Doric. 

Open pediment, with plun columns, equal to the Ionic order, 40 OO 
" " eqnal to the Doric or Corinthian order, . 40 OO 

If with columns, . 45 CO 

If any of the aboTe have fluted columns, add . 5 OO 

If any of the above frontispieces have rusticated grounds, add 6 OO 
Tuscan portico, plain ground, pilasters, and columns, . . 50 50 
Doric " plain ground, pilasters, and fluted columns, . 80 OO 

Corinthian ** the same as the Doric. 

Ionic ^ plain ground, pilasters, and fluted columns, 65 00 
Swelled pcntieo, with two columns equal to the Ionic order, 85 00 
" with four •* ** •*•**« 118 00 
" " with six " « Doric or Corin- 
thian order, 1 50 

OUTSIDB DoOB CaBBB FOB BbiOK WaIXS. 

Plank door cases for brick or stone walls, per foot, superfldal, 8 
Door cases made with pine timber, 9 inches wide, and 4 

inches thick, or under, at per foot, run, 15 

" *" *' from 9 to IS IncheB 

wide, and from 4 to 6 inches thick, per fbot, run, ... 20 

If larger, add per inch in width, 2 

If oak thresholds, add per foot for do., 90 

Door cases made of hard wood, add 100 per cent for do. 

Circular heads for door cases, per foot, without arcfaitrmTes, 50 

OUTBIDB CbIiLAB DoOBS. 

Cellar doors, with head, fills, and strings, slanted to tiie 

house, 8 00 

If plank top and bottom, add 50 

Cellar doors with solid cheeks, plank top and bottom, . . 7 00 

If with pediment, add a 00 

Rough PABTinoiri, Bovos Cnuiras, ahd Bovqh FuxBora*. 

Rough partition, solid, of plank, per square, . 1 85 

** " open, *" "< indndlng sawing, 1 00 
If the planks are sawed ttom 8 to 4 inches in width, shot to 

a width, and set edgewise, per square, . . 1 50 

Rough fhning and rough ceiling, per square, ."^ 1 00 
All circular oeilingB to be paid for by the day. 

braiDB DooB Casbs. 

Inside door cases, with framed head, 95 

Rough ** with stops, and hard wood tfarediold, 75 

« " ** '* and pine threshold, ... 67 

Casino OvrsiDa Doobs. 

Edge casing, outside doors on studs, including tiireshold, . 1 00 

For a circular head, without architraves, , . 1 50 

Casing on outside with plank, 90 

** on three sides, with board casings, • 1 75 

DOUBIA DOOBS, ABB SSUTVaBS, WITH BOABDS VLAVBD «0 A 



Doors and sfaBttera, with bosfds planed to a thickness, «t per 

fbot, superfldal, 15 

AH tinds of fostening for do., eadi .... 25 
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Cabixo Windows. 

Cadng fire inches wide, or less, at per foot, 
X*or eTeiy inch more in width, add 
Box casings, per foot, .... 



Casino Tikbbb. 

Casing timber, at per foot, measuring on the comers, 
Strips for stopping plastering, per foot, . 



$ cts. 
8 

I 

24 



6 
8 
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Plansd Pastitionb, Battened Doobs, and Shuttbbs. 

Planed partitions of boards on one side, battened or matched, 
aft per foot, superficial, 

If planed on both sides, 

Plank partitions, planed on one side, battened, or matched, 

aft per foot, superficial, 

" " planed on both sides 

All battened doors planed on one side, at per foot, superficial, 
" " " on both sides, 

The above prices for doors includes the stops. 

All battened shutters the same price as doors. 



Abohitbaybb and MouiJ>iNas 

Single face architraye, per foot, running. 
Double face « « " . 

" " with extra moulding, 

Fluted architraye, per foot. 
Compass double-face architraye, . 

" single face, .... 
Ogeej oyolo or coye, straight work, at per foot, run, 
** " " compass, per foot. 



3 

6 
6 
7 



6 
10 
12 
17 
30 
18 
8 
9 



Inside Doob Cats. 

Door cap equal to the Tuscan order, 1 75 

« " »* Doric ** 3 60 

" " " Ionic ** 8 25 

" « « Corinthian 8 50 

" " «* Composite . . . . 4 88 

If any of the aboye doors are more or less than 8 foet wide and 7 
feet high, add or deduct in proportion. 

Insidb Window Shttttbiui. 

Shutters made with planed boards, and ends deated, per 

foot, run, 8 

Two-panelled shutters, square joints, at per foot, . . 12 

with quarter round work, at per foot, 1 5 

with quarter round, at per foot, 18 

with oyolo, or ogee^ at per foot, 17 

with oyolo, or ogee, at per foot, 23 
with ovolo, or quirk ogee, sunk 



u 



u 



ii 



cc 



u 



(( 



K 



CC 



IC 



(C 



tc 



(( 



20 
28 

24 



Three 

Two 

Three 

Two 
panel, and astragal neck, at per foot. 

Three " 

Two-panelled do., with oyolo, or quirk o^fes, on one side, and 
bead and flush on the other, per foot, 

Three-panelled do. do. do., at per foot, 80 

If an J of the above shutters are bead and but^ deduct from 
the two-panelled 3 cents, and from the three-panelled 4 cents. 

Hanging stiles, each, 25 

Fitting shutters into box, per window, 83 

Shutters, bead and flush on both sides, at per foot, the same price as 
quirk ogee and neck on one side, and bead and flush on the other. 
And if any of the preceding shutters are more than twelve inches wide, 
to be measured superficial, at per foot, the same as running. 

The foregoing prices include hanging. 



Fastening B. 

Plain fostenings to windows, each, 

spring fastenings to windows, each, 
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Staibb of all Kinds. 

Common rough plank stairs, straight run, per step, 

" « " "if winders, .... 

Planed plank stairs, straight run, at per step. 

If winders, 

If planed both sides, straight run, per step, .... 

" " " if winders, 

Newel plank, add 

If posts and hand rails to either of the above stairs, at per 

foot, run, for the rail, 

Bough stairs, of boards, straight run, per step, 

" " " if winders, 

Planed " " straight run, per step, 

** " " the winders, 

Back stairs, straight run, with moulding underneath the 

step, per step, 

" if winders, 



cc 



$ cte. 

121 
25 



SS 
50 
42 
60 
50 
67 
5 

16 
25 
80 
30 
85 

83 
40 



The above plank stairs are considered to be not more than four feet 
long, and the board steps not more than three foet long ; longer, add 
in the same proportion. 

Framed stairs, straight run, with balusters and risers mitred 

in the string board, per step, 1 00 

" " if winders, per step, 1 25 

If short platform, 2 

If long '• 8 

If gallery, per foot, 50 

Bracket stairs, made with boards, per step, . . 1 25 

" " with plank steps, and nails hid, per step, . 1 55 

If with double bracket, I 75 

If cased nndemeath, add, per step, 75 

If short platform, 2 75 

If long " . . 4 50 

Straight gallery, per foot, run, 77 

Working a common quarter twist rail, and capping the first 
post, 
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Working a scroll, (including the curtail,) 

knees, each, 

mahogany rail, per foot, run, . 

Cylinder stairs, per step, ..... 

Casing ** nndemeath, per step, 

Gallery, per foot, 

Circular rail on galleries, per foot, 

Working twists in a continued rail, at per foot, 

Fitting balusters of pine, per dozen, 

of hard wood, 
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4 00 
10 00 
1 50 
25 
8 50 
1 84 
1 75 

1 00 

2 50 
25 
50 
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Wainbcotino, Dadoing Boomb and Staibb. 

Wainscoting rooms from floor to ceiling with quarter round 

work, per foot, superficial, 

with small ovolo, . 
with quirk opee, and 

sunk panel, and astragal neck, 

Low wainscoting in rooms up to the windows, quarter round 

woik, at per foot, Buperfidal, 

" ovolo, 

" with quirk ogee, 

sunk panel, and astragal neck, 

I If up stairs, add one third to their respective prices. 
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RULES OF WORK. 



$ CtM. 

If any of the aboye wainscotiii^ have frieze panels, add to 
their respectiye prices one Bfth part. 

Bolexion work in rooms, per foot, superficial, . 16 

Dadoes in rooms, &c., per foot, saperilcial, .... 6 

Each but in dado, 8 

Each mitre in do., ... 10 

Dado on stairs, per foot, superficial, 7 

Capping on dado equal to Tuscan order, per foot, run, . 9 

" " '* Doric, per foot, run, . . . 11 

Base suitable to Tuscan or Doric cappings, per foot, run, 1 1 

Capping on dado, equal to the louic order, per foot, run, 13 

Base suitable for such order, per foot, run, 12 

Capping on dado, equal to the Corinthian order, per foot, run, 25 

Base suitable for such order, per foot, run, .... 20 

N. B. Mop boards and plinths are included in the bases of dadoes ; 
mitres in capping, and bases, each the same as their respectiye price 
per foot, run. 

The above prices of capping and bases are estimated for dadoes two 
feet eight inches high, or under. If ^e dadoes are higher, add for such 
height one tenth part of their respective prices for every three inches. 

FiMSHiNO Windows, insidb. 

Plain risers and returns for scats, per foot, superficial, . 11 
** " " " with panels and quarter 

round work, per foot, superficial, 15 

with OTolo, do., . 16 
with quirk ogee, sunk panel, 

and astragal neck, per foot, superficial, 18 

Flain back boards and elbows, per foot, superficial, 18 
" " " with quarter round work, and 

panels raised, per foot, s^iperficial, 30 

ovolo, do. do., .... 32 
quirk ogee, sunk panel, and 

astragal neck, per foot, superficial, 35 

Plain soffita, per foot, superficial, 8 

Quarter round do., panels raised, per foot, superficial, . . 22 

Ovolo do., per foot, superficial, 24 

Quirk ogee, sunk panel, and astragal neck, per foot, superficial, 25 

Circular soffita, if plain, per foot, superficial, ... 22 
^' " quarter round work, panels raised, per foot, 

superficial, 60 

ovolo, do. do., 62 

quirk ogee, and astragal neck, per foot, 

superficial, 75 
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N. B. The above prices of circular soffitas are estimated for open- 
ings about three feet, and soffitas one foot wide. 

Smaller openings, and narrower soffitas, are worth more. 
Larger openings, and wider soffitas, are worth less per foot 
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Back linings to windows, plain, per foot, superficial, 

bead and but, per foot, superficial, 
with quarter ronnd work, ovolo, or 
quirk ogee, the same prices respectively as risers and returns. 
Window seats of pine, per foot, superficial, .... 
^ of mahogany, do., 
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8 
20 



Doors or all Kinds. 

Eight-panel door, quarter round work, one side, raised one 

side, per foot, superficial, 

" " two sides, raised one side, per foot, 
superficial, 



15 
17 



it it 

it it 

it it 



Eight-panel door, two lidas, ndied two sidea, per foot, su- 
perficial, SO 

" ^ ovolo moulding one side, raised one side, 

per foot, superficial, 16 

" " two sides, raised one side, per foot, 

superficial, 18 

Eight-panel door, two sides, per foot, superficial, . . . 21 
" ** quirk ogee, astragal neck, one side, quarter 

round, and panel, raised on the other, per foot, superficial, 22 

" " with quirk ogee, and astragal neck on 

both sides, per foot, superficial, 24 

Six-panel door, quarter round one side, raised one side, per 

foot, superficial, 13 

two sides, raised one side, do^ 16 

two sides, raised two sides, do., . 19 

ovolo moulding one side, raised one 

side, per foot, superficial, 14 

" " two sides, raised one side, per foot, 

superficial, 17 

" " two sides, raised two sides, per foot, 

superficial, 20 

Six-panel door, quirk ogee, and astragal neck, on one side, 
ovolo and raised panel on the other, per foot, superficial, . . 21 
" *' with quirk ogee^ and astragal neck on both 

sides, per foot, superficial, 22 

Four-panel door, quarter round one side, raised one side, per 

foot, superficial, 10 

'^ " two sides, raised one side, per foot, su- 
perficial, 12 

" ** two sides, raised two sides, per foot, su- 
perficial, 14 

** ** ovolo moulding one side, raised one side, 

per foot, superficial, 11 

" '* two sides, raised one side, do., ... IS 

two sides, raised two sides, do., . . . 15 
^* quirk ogee, and astragal neck one side, 

raised one side, per foot, superficial, 14 

'* " quirk ogee, and astragal both sides, per 

foot, superficial, 16 

Two-panel door, quarter round one side, six foct high, and 

two feet wide, or under, 1 25 

" *' ovolo moulding on one side, raised one 

side, six feet high, and two fuct wide, or under, . I 33 

'■ " quirk ogee, and astragal ne<.*k on one side, 

six feet high, and two feet wide, or under, at per door, . 1 50 

'* " quarter round one side, raised one side, 
from six (bet high, two feet wide, and upwards, per foot, su- 
perficial, 8 

" ** two sides, raised two sides, do. do., at per 

foot, superficial, 10 

*' " quirk ogee, and astragal neck one side, 

from six feet high, two feet wide, and upwards, at per foot, 

superficial, 9 

" " quirk ogee, and astragal neck on two sides, 

from six feet high, two feet wide, and upwards, at per foot, 

superficial, 12 

Putting on iron and wooden stock locks, and closet locks, each 25 
Putting on mortise locks, each 75 

N. B. If any of the above doors are worked with wide mun- 
tin, with bead in the centre, add two cents to their respective 
prices. 
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The above pdoee indnde the baogiiig of doon, wUli k 
hinges ; if hung wHh hat hingee, add, per door, 25 oento. 

Patting on knob latches, thamb latches, phite bolts, and plain 

bolts, each 

Patting on bnttons, each, 

Patting on hooks and staples, each, 

Chimkbt-pibobs, CxsiiraB, Ac 

Casing kitchen chimnej with shelf and single comer, per shelf, 
' Stiles to stop plastering, per foot, ran, . 

Plain chimnej casings, each, 

If one mooldiag roand do^ add .... 
Panel breastwork to chimnejs, per foot, saperficial, 
Large ovolo roand do., per foot, ran, 
OtoIo and ogee^ round do., per foot, ran, 
Each mitre in the above moulding, 
A plain chimnej-piece, or equal to the Tuscan order, 

equal to the Ionic order, 
equal to the Corinthian or Doric 
order, .......... 
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equal to the Composite order. 

If Kny of the above chimnej-pieces have double pilasters or 

columns, add to their respective prices .... 

Putting on composition ornaments, to be paid for bj the day 



$ cCs. 


or B L 


14 


6 


4 


I SO 


a 


75 


25 


8 


5 


7 


4 


5 50 


7 50 


18 00 


18 00 



2 00 



LiNiNOS IK Booms anb Cixwbtb, with thbir Moi7iJ>nro0. 

Plain linings, boards grooved, per foot, superficial, 5 

Nosing, capping, per foot, run, 2| 

Astragal, ** per foot, run, 2 



Flooks of all Kinds. 

Floors laid with merchantable boards not planed to a thick- 
ness, at per square, 2 00 

If rabbeted, 2 25 

Do. do^ planed to a thickness, 2 75 

Floors laid with narrow boards of the best sort, per square, . 3 50 

Eeved or grooved floors, nails hid, at per square, . . 6 00 

N. B. When floors are laid in places measuring less than one hun- 
dred feet saperficial, add to their respective prices one fourth. 

Mop Boabds. 

Under mop boards for plastering, at per foot, run, 2 

Planed mop boards, per foot, run, ^4 

Do., with a moalding, per foot, run, 6 

Mop boards from 5 to 8 inches wide, per foot, run, .7 

If wider, add in proportion. 

For mitres in mop boards, one half the price per foot, run, each. 

Fbnobs, Posts, Gatbs, ftc 

Grate post framed with fiU, joke, and braces, post planed, 
and capped with bed mould, or cornice, the opening from 

four to six foet, per pair, 7 25 

Single post, planed and capped with single cornice, per post, 2 37 
Gate post framed as above, the opening from six feet to 

twelve feet, capped as above, 10 00 

Single post, cased plain, with a cornice equal to the Tuscan 

order, 4 62 

" " " cornice equal to the Doric 

or Corinthian order, 6 00 

Single post, cased plain, with a cornice equal to the Ionic order, 5 25 
If a sunk panel in front, and architrave round, add to their 
respective prices I 82 



• dfeL 

If sank panel on more tfam one side, add Ibr each tide 76 

If plain pilaster, and moalding* brolie over it, add . 2 00 

If fluted pilaster, and mooldings broke over it, add • 8 00 
If either of the above poets have nutieated groonda, add to 

their respective prices 2 qq 

Hewing and trimming posts, djggbg holee, and settiog poete, to be 
paid for bj the daj. 

Panel gates, per foot, saperficial, le 

** *' with pales in upper part, per fbot, saperfieia], . 18 

^ '* and with wings, at per foot, superficial, 25 

Single pale fiince, moulding on rail and cant, per fbiot, ran, . 70 

** " plain cant and rail, per foot, run, . 55 

Single pale gates and piers to do., per foot, ran, . . 1 40 

Do. without piers, . i 05 

Double pale fence, with moulding on rail and cant, per 

foot, run, 80 

« " plam cant and rails, per foot, ran, . eo 

Double pale gate with piers, per foot, ran, . • . . 1 80 

Without piers, 1 sO 

Any ornament in friezes of gate paid for by the day. 

Plain plinths to fence under cant, per foot, superficial, . . 5 

Busticated plinths to fence under cants, per foot, superficial, 7 

Planed board fence, boards grooved, per foot, superficial, 2 

If planed both sides, add l 

Single cornice facia and plancere, per foot, run, ... 9 

Planed battens on fence, per foot, ran, 2 

Double or Tuscan cornice on fence, per foot, ran, . . 18 

Bough fence, not shot or feather edged, at per square, . 75 

" " shot or feather edged, per square, . . . 1 00 

" " shot and grooved, per square, . . 1 25 

" " boards an end, shot and pickets sawed, at per 

square, 1 25 

" ** boards an end, shot and grooved, and pickets 

sawed, at per square, i 50 

If plank at bottom, and rabbeted, add per fi>ot, ran, 5 
Planed board fence, boards an end, shot and pickets sawed, 

per square, 2 00 

Plank at bottom, superficial, per foot, 7 

Planed board fence, boards an end, grooved, and pickets 

sawed, per square, 2 25 

Plain picket open fence, per foot, ran, 25 

Do. do., if the pickets are worked, per foot, ran, ... 83 

Plain posts, capped plain for such fence, each . I 00 
Gates for picket fence, measure double. 

Bough batten gates, at per foot, superficial, . . 4 00 

Planed « « « " .... 8 00 
Planed gates, with battens laid on in front, to form panels, 

per foot, superficial, 11 

Blikds. 

Blinds for windows, for 24 squares or less, of 7 by 9, or 8 by 

10 glass, in two parts, per window, 4 25 

If laiger, per foot, superficial, 20 

If circular heads to blinds, at per foot, Ruperficial, fir the circle^ 60 
Blinds ought to be estimated at 27 cents the superficial foot. 
Hanging and fastening paid for by the day. 

Cants ok Walls 

Plank cant on battlement, per foot, ran, . . 12| 

Timber cant and do., at per foot, ran, 25 
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flaln blindt, with iqiuune ilati at per foot, .... 97 

** ** with middle nil and slats roanded, per foot, . 80 
If astragal on one 6ide, add one cent per foot; if on two 
■idee, add two cents per foot 

Hanging blinds and putting in turn buttons, per window, . 50 

If spring fastenings let into rail, 75 

Ihsidx Blihim. 

Make plain with square slats, in two or more parts, the fbU 

length of the window, and from | inch to Ik inch thick, per 

hot, 48 

The same with middle rail and slats rounded, per foot, 54 

When each leaf is made in two parts, per foot, 60 

Ji beads are flushed in at ends of slats, meaaure tiie bead, 

and count the mitres, per foot, 8 

If the foregoing Minds are less than twelTe inehes wide, to 

be measured Uneal. 
The foregoing prices pay for fitting the blinds ready for 

hanging. 
Inside blinds hung with but hinges, for each hung, 10 

If the aboTe-mentioned blinds are made of mahogany, 

dierry, or birch wood, add to the abore-mentioned prices 100 

per cent 

DooB, 4 Pakxlb, 6 Fbbt 8 bt 2 Fbbt 8. 

Jambs, stops, and spruce threshold, €7 

Single aichitraTes, 1 08 

Band moulding, 50 

Hanging with but hinges, '25 

Case or closet lock, 85 

Door 17 feet 9 inches, superficial, 2 84 

$5 59 
DooB, 6 Pahbub, 6 Fbbt 10 bt 2 Fbbt 10. 

Jambs, 75 

Single architraTe and plinths, 2 16 

Band moulding, 58 

Hanging but hinges, 25 

Mortise lock, 75 

Door 19 feet 4 inches, superficial, , 8 08 



DooB 7 BT 8 Fbb*. $ eb. 

Framed door jambs, 95 

Pilasters and plinths, 4 24 

Rosette or block comers, 50 

Hanging projecting but, 80 

Mortise lock, 75 

Door 21 feet, supeificial, 8 86 



810 10 

FlWISH OF WllTDOWS, U BT 17 G1.A88, 12 LlOHTS. 

Frame, set in brick wall, 1 81 

Parting beads and slips, 16 

Staff or oval mouldings, 86 

Putting in four pulleys, 25 

f2 58 

LrsiDB FnniB. 

Shutters, 4 fold, 4 panels, each 4 14 

Fitting into boxes, 83 

Fastening with hooks, 12 

Hanging, 50 

Setting frame, 25 

Backs and elbows, 8 50 

Back linings, 2 10 

Soffit, . 1 00 

Pilasters, 4 20 

Stops, 75 

Plinths, 50 

Pine sash and hanging, 2 42 

Blinds, hanging, and spring festeoings, 6 65 



$29 04 



87 52 



The prices in the preceding roles are, of course, subject to such 
deductions as may be warranted by circumstances, or as may be agreed 
upon by the contracting parties. 

N. B. The style of work, and the mouldings in architecture rary so 
materially now from what they were in 1800, that the prices of mould- 
ings and other work are fixed by the surveyors, by analogy to such woriL, 
in the proportion to the style so altered. 
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AN EAST MBTHOD OF FINDIKG, ABITHMBTICAXiLT, THE DIAMETER OF A CIBCLB, BT HAYINa THE CHORD 

AND VERSED SINE OF THE SEGMENT ONLY. 

ExAMPLB. — Let A B C be a segment given, whose chord, A B, is 86, and the rersed sine, C D, 6 : half 86 li 
18, which, squared, make 824 ] this divided bj 6, the quotient is 54 ; then add 6,— the length of the versed liiM^ 
— and the amount, 60, is the whole diameter of the circie C E, thus :— 

18 half the chord, 
18 

144 
18 



6) 8S4 the square of A D. 



54 length between D and B. 
Add, 6 the vened shie C D. 




60 the diameter C B. 

BuU. — Divide the square of ha]f the length of the chord by the Isagtfi of Ae Tsned iloa; to tiiia prodnfit add die laagtfi of Ae tWMd 

sine, and the amount will be the answer. 
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